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(54) Water-absorbent resin powder and its production process and use 

(57) The present invention provides a water-absorb- 
ent resin powder and its production process and use, 
wherein the water-absorbent resin powder has high liq- 
uid permeability, and further, high water absorbency. 
The production process for a water-absorbent resin 
powder, according to the present invention, comprises 
the step of obtaining water-absorbent crosslinked poly- 
mer particles by way of an aqueous solution polymeri- 
zation step, and is characterized by further comprising 
the step of grinding the resultant crosslinked polymer 
particles until the bulk density thereof increases to not 
lower than 0.72 (g/ml). The water-absorbent resin pow- 
der, according to the present invention, is characterized 
by being an arbitrarily pulverized one having a bulk den- 
sity of not lower than 0.74 (g/ml) and a water absorption 
capacity of not lower than 20 (g/g) for 0.9 weight % 
physiological saline under a load of 0.7 psi (4.83 kPa). 
In addition, the absorbent structure, according to the 
present invention, is characterized by comprising the 
above water-absorbent resin powder and a fibrous 
material. The absorbent article, according to the 
present invention, is characterized by comprising an 
absorbent layer including the above absorbent struc- 
ture. 
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(54) Water-absorbent resin powder and its production process and use 

(57) The present invention provides a water-absorb- 
ent resin powder and its production process and use, 
wherein the water-absorbent resin powder has high liq- 
uid permeability, and further, high water absorbency 
The production process for a water-absorbent resin 
powder, according to the present invention, comprises 
the step of obtaining water-absorbent crosslinked poly- 
mer particles by way of an aqueous solution polymeri- 
zation step, and is characterized by further comprising 
the step of grinding the resultant crosslinked polymer 
particles until the bulk density thereof increases to not 
lower than 0.72 (g/ml). The water-absorbent resin pow- 
der, according to the present invention, is characterized 
by being an arbitrarily pulverized one having a bulk den- 
sity of not lower than 0.74 (g/ml) and a water absorption 
capacity of not lower than 20 (g/g) for 0.9 weight % 
physiological saline under a load of 0.7 psi (4.83 kPa). 
In addition, the absorbent structure, according to the 
present invention, is characterized by comprising the 
above water-absorbent resin powder and a fibrous 
material. The absorbent article, according to the 
present invention, is characterized by comprising an 
absorbent layer including the above absorbent struc- 
ture. 
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Description 

BACKGROUND OF THE INVENTION 

5 A. TECHNICAL FIELD 

[0001 ] The present invention relates to a water-absorbent resin powder and its production process and use. 
B. BACKGROUND ART 

10 

[0002] In recent years, water-absorbent resins (water-absorbing agents) are widely used as constituent materials 
of sanitary materials, such as disposable diapers, sanitary napkins, and so-called incontinent pads, for the purpose of 
causing the water-absorbent resins to absorb body fluids. 

[0003] Known examples of the above water-absorbent resins are as follows: crosslinked polymers of partially neu- 
15 tralized polyacryiic adds; hydrolyzed products of starch-acrylic acid grafted polymers; saponified products of vinyl ace- 
tate-acrylic acid ester copolymers; hydrolyzed products of acrylonitrile- or acrylamide copolymers, and their crosslinked 
polymers; and crosslinked polymers of cation ic monomers. 

[0004] It is said that the above water-absorbent resins should, for example, have the following properties: upon con- 
tact with aqueous liquids such as body fluids, excellent water absorption quantity and rate, the gel strength, the suction 
20 power to suck up water from a base material containing aqueous liquids. In addition, a variety of water-absorbent resins 
or a variety of absorbent structures or articles using the water-absorbent resins are proposed, wherein the water- 
absorbent resins jointly have a plurality of the above properties and exhibit excellent performance (absorption proper- 
ties) when used for sanitary materials such as disposable diapers and sanitary napkins. 

[0005] Known examples of the above water-absorbent resins or absorbent structures or articles using the water- 

25 absorbent resins are as follows: a water-absorbent resin comprising combinations of a gel volume, a shear modulus, 
and an extractable polymer content as are specified (USP 4,654,039); a water-absorbent resin with a water absorption 
quantity, a water absorption rate, and a gel strength as are specified, and disposable diapers and sanitary napkins 
using this water-absorbent resin (J P-A-60- 185550, J P-A-60- 185551, JP-A-60-185804, and USP 4,666,975); disposa- 
ble diapers using a water-absorbent resin having a specific water absorption quantity, a specific water absorption rate, 

30 and a gel stability (J P-A-60- 185805); water-absorbent articles using a water-absorbent resin with a water absorption 
quantity, a suction power, and a water-soluble content as are specified (JP-A-63-021902); water-absorbent sanitary 
articles containing a water-absorbent resin with a water absorption quantity, a water absorption quantity under a load, 
and a gel fracture strength as are specified (JP-A-63-099861); disposable diapers containing a water-absorbent resin 
with a water absorption quantity and a water absorption rate under a load as are specified (JP-A-02-034167); a water- 

35 absorbent composite containing a water-absorbent resin with a water absorbency under a load (AUL) and a particle 
diameter as are specified (EP 339,461 ) ; an absorbent structure containing 60- 1 00 weight % of a specific water-absorb- 
ent resin with a free swell rate (FSR) and a water absorbency under a load in 5 minutes as are specified (EP 443,627); 
a water-absorbent composite containing at least 30 weight % of water-absorbent resin with a deformation under a load 
(DUL) and a wicking index (Wl) as are specified (EP 532,002); an absorbent article using 30-100 weight % of a water- 

40 absorbent resin with a pressure absorbency index (PAI) and a 16-hour extractability level as are regulated (EP 
615,735); a water-absorbent composite of super-absorbent material with a specific water retention capacity, a specific 
water absorption rate, and a specific liquid permeability under a pressure (USP 5,985,944); a water-absorbing agent 
having a specific diffusing absorbency under pressure (USP 5,760,080); a water-absorbing composition having a spe- 
cific diffusing absorbency index under pressure (EP 761,241); and an absorbent structure using a hydrogel that is, for 

45 example, characterized by performance under pressure (PUP) and physiological saline flow conductivity (SFC) (USP 
5,562,646). In addition, water-absorbent resin powders have problems in that they undergo deterioration of the physical 
properties due to surface fracture when (air-)transported or incorporated into absorbent articles in process of produc- 
tion or thereafter. However, a water-absorbent resin which undergoes such deterioration of the physical properties little 
and has excellent impact resistance is also known (EP 812,873). 

so [0006] The properties relating to water absorbency (e.g. water absorption capacity under no load, water absorption 
capacity under a load) of absorbent structures or absorbent articles containing them, for which water-absorbent resins 
are used, are surely enhanced by adding the above various improvements to water-absorbent resins when compared 
with the unimproved properties, and thus such improvements are applied to superabsorbent disposable diapers and so 
on. However, the liquid permeability between particles of a gel resultant from water absorption of the resin, which is 

55 important for practical daily use, is still at an insufficient level, so it is difficult to say that the whole water-absorbent resin, 
which is contained in the absorbent article, is sufficiently made use of. Furthermore, in the case where an attempt is 
made to ensure the liquid permeability of the gel under a high load (e.g. 0.3 psi (2.07 kPa) corresponding to an infant's 
load), the crosslinking density of the gel needs to be increased at the sacrifice of the water absorbency. 
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SUMMARY OF THE INVENTION 

A. OBJECTS OF THE INVENTION 



5 [0007] An object of the present invention is to provide: a water-absorbent resin powder and its production process, 
wherein the water-absorbent resin powder has high liquid permeability under a load, and further, high water absorbency 
both under a load and under no load; and further, an absorbent structure and an absorbent article, for which this water- 
absorbent resin powder is used. Another object of the present invention is to provide a water-absorbent resin powder 
which undergoes little deterioration of the physical properties and has excellent impact resistance when (air-)trans- 

w ported or incorporated into absorbent articles in process of production or thereafter. 



B. DISCLOSURE OF THE INVENTION 



[0008] The present inventors diligently studied to achieve the above object. As a result, they thought that a cause 

15 of insufficient liquid permeability of conventional water absorbent resins was that because particles of such resins have 
an arbitrarily pulverized shape and therefore have angular or frilly portions in their surfaces, liquid-permeable spaces 
between particles are non-uniform in absorbent structures or articles which usually include from tens of thousands up 
to more than hundreds of thousands of the resin particles. The inventors further thought that the above angular or frilly 
portions of the particle surfaces are so weak as to deteriorate the impact resistance. 

20 [0009] Then, it occurred to the inventors to grind the surfaces of the resin particles and then crosslink the surfaces 
of the resultant particles as a means of eliminating the above cause, and actually, the inventors ground the surfaces of 
the resin particles and then crosslinked the surfaces of the resultant particles, with the result that the inventors found 
that while the water absorbency was retained at a conventional level, the liquid permeability under a load was greatly 
enhanced when compared with conventional cases. In addition, the inventors found that a water-absorbent resin pow- 

25 der resultant from the surface grinding was the water-absorbent resin powder which underwent little deterioration of the 
physical properties and had excellent impact resistance when (air-)transported or incorporated into absorbent articles 
in process of production or thereafter. Furthermore, the inventors found that if the above process was used, a novel 
water absorbent resin powder having high water absorbency and high bulk density was obtainable. In addition, the 
inventors found that a water-absorbent resin powder, having the arbitrarily pulverized shape and a high bulk density, 

30 surprisingly had a rather enhanced liquid permeability between particles under a load in spite of having only a small 
quantity of spaces when packed. Thus, the present invention was completed. 

[001 0] That is to say, an arbitrarily pulverized water-absorbent resin powder, according to the present invention, is 
characterized by having a bulk density of not lower than 0.74 (g/ml) and a water absorption capacity of not lower than 
20 (g/g) for 0.9 weight % physiological saline under a load of 0.7 psi (4.83 kPa). 
35 [0011] An absorbent structure, according to the present invention, is characterized by comprising the above arbi- 
trarily pulverized water-absorbent resin powder according to the present invention and a fibrous material. 
[0012] An absorbent article, according to the present invention, is characterized by comprising an absorbent layer 
including the above absorbent structure according to the present invention. 

[0013] Another absorbent article, according to the present invention, is characterized by being a diaper that com- 
40 prises an absorbent layer including the above absorbent structure according to the present invention, wherein the 

absorbent structure has an arbitrarily pulverized water-absorbent resin powder content of not lower than 30 weight %. 

[0014] A production process for an arbitrarily pulverized water-absorbent resin powder, according to the present 

invention, comprises the step of obtaining water-absorbent crosslinked polymer particles by way of an aqueous solution 

polymerization step, and is characterized by further comprising the step of grinding the resultant crosslinked polymer 
45 particles until the bulk density thereof increases to not lower than 0.72 (g/ml). 

[0015] These and other objects and the advantages of the present invention will be more fully apparent from the 

following detailed disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

[0016] 



Fig. 1 is a flowchart of a typical example of the steps of the present invention production process for a water- 
absorbent resin powder. 

55 Fig. 2 is an image which illustrates (A) the shape of the resin powder after pulverization (before grinding) and (B) 
that after grinding in the present invention. 

Fig. 3 is a schematic section of a measurement apparatus as used for measuring the water absorption capacity 
under a load. 
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Fig. 4 is a schematic section of a measurement apparatus as used for measuring the liquid permeation amount 
under a load. 

Fig. 5 (a) is a vertical schema and Fig. 5 (b) is a horizontal schema of a glass vessel as used for a mechanical dam- 
age test. 

5 Fig. 6 is a schema of a dispersing machine as used for the mechanical damage test. 
Fig. 7 is a schema of a bulk density measurement apparatus. 

Fig. 8 is an electron micrograph showing the particle structure of a resin powder as obtained in Example 1. 
Fig. 9 is an electron micrograph showing the particle structure of a resin powder as obtained in Comparative Exam- 
ple 1. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

[001 7] Hereinafter, the present invention is explained in detail. 

15 (Production process for water-absorbent resin powder): 

[0018] An example of the steps of the production process for a water-absorbent resin powder according to the 
present invention is shown in Fig. 1 . However, the steps of the production process for a water-absorbent resin powder 
according to the present invention is not limited thereto. 
20 [0019] The production process for a water-absorbent resin powder, according to the present invention, comprises 
the step of obtaining water-absorbent crosslinked polymer particles by way of an aqueous solution polymerization step, 
and is characterized by further comprising the step of grinding (the surfaces of) the resultant crosslinked polymer par- 
ticles until the bulk density thereof increases to not lower than 0.72 (g/ml). 

[0020] Incidentally, the water-absorbent resin powder according to the present invention is of the arbitrarily pulver- 

25 ized shape. This arbitrarily pulverized one is a water-absorbent resin powder that is obtained by pulverizing a gelled or 
dried product (preferably a dried product) of the crosslinked polymer that is obtained by way of the aqueous solution 
polymerization step, and this powder comprises pulverized particles of the arbitrary shape (in other words, irregular 
shape) (e.g. particles of the shape shown in (A) and (B) of Fig. 2). Incidentally, hereinafter, the arbitrarily pulverized 
water-absorbent resin powder is simply referred to as water-absorbent resin powder. 

30 [0021] The aforementioned crosslinked polymer particles, which are used to produce the water-absorbent resin 
powder of the present invention, comprise a conventionally known crosslinked polymer that absorbs as large a quantity 
of water as 50-1 ,000 times the polymer itself in ion-exchanged water to thereby form an anionic, nonionic, or cationic 
hydrogel, or the aforementioned crosslinked polymer particles are products by drying (if necessary) the above polymer 
and usually pulverizing it before and/or after this drying. Examples of such crosslinked polymer include at least one 

35 member selected from the group consisting of: crosslinked polymers of partially neutralized polyacrylic acids; hydro- 
lyzed products of starch-acrylonitrile grafted polymers: hydrolyzed products of starch-acrylic acid grafted polymers; 
saponified products of vinyl acetate-acrylic acid ester copolymers; hydrolyzed products of acrylonitrile- or acrylamide 
copolymers, or their crosslinked polymers; modified products of crosslinked polyvinyl alcohols containing a carboxyl 
group; and crosslinked isobutylene-maleic anhydride copolymers. These crosslinked polymers may be used either 

40 alone respectively or in combinations with each other, but, among them, one of those which have a carboxyl group or 
any mixture thereof is preferable, and typically, a polymer which is obtained by polymerizing and crosslinking monomers 
of which the main component is acrylic acid and/or a salt (neutralized product) thereof is used as the main component 
of the crosslinked polymer. In addition, as to the above-mentioned crosslinked polymer, those which have an 
uncrosslinked water-soluble content of preferably not higher than 20 weight %, more preferably not higher than 15 

45 weight %, still more preferably not higher than 12 weight %, particularly preferably not higher than 10 weight %, are 
used. 

[0022] Examples of the above salt of acrylic acid include: alkaline metal salts (e.g. salts of sodium, potassium, and 
lithium), ammonium salts, and amine salts of acrylic acid. The constituent units of the above-mentioned crosslinked pol- 
ymer preferably comprise acrylic acid of 0-50 mol % and its salt of 100-50 mol %, and more preferably comprise 

so acrylic acid of 10-40 mol % and its salt of 90-60 mol % (wherein the total of both is 100 mol %). The neutralization of 
the crosslinked polymer to form the above salt may be carried out either in a monomer state before polymerization or 
in a polymer state on the way of polymerization or thereafter, or in both states. However, the neutralization in a polymer 
state needs a considerably long time although such neutralization has the merit of lessening the extractable content. 
Therefore, in view of the production cost, it is preferable to carry out the neutralization in a monomer state before polym- 

55 erization. 

[0023] The monomers to give the crosslinked polymer as used in the present invention may further comprise mon- 
omers other than the above acrylic acid (and its salts), if necessary. The monomers other than acrylic acid (and its salts) 
are not especially limited, but specified examples of them include: anionic unsaturated monomers, such as methacrylic 
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acid, maleic acid, vinylsuffonic add, styrenesulfonic acid, 2-(meth)aCTylamido-2-methylpropanesulfonic acid, 2- 
(meth)acryloy1ethanesulfonic acid, and 2-(meth)acryloylpropanesulfonic acid, and their salts; nonionic unsaturated 
monomers containing a hydrophilic group, such as acrylamide, methacrylamide, N-ethylfmethJacrylamide, N-n-pro- 
pyl(meth)acrylamide, N-isopropyl(meth)acrylamide, N,N-dimethyl(meth)acrylamide, 2-hydroxyethyi (meth)acrylate, 2- 

5 hydroxypropyl (meth)acrylate, methoxypolyethylene glycol (meth)acrylate, polyethylene glycol mono(meth)acrylate. 
vinyfpyridine, N-vinylpyrrolidone, N-acryloylpiperidine, N-acryioylpyrrolidine. and N-vinylacetamide; cationic unsatu- 
rated monomers such as N.N-dimethylaminoethyl (meth)acrylate, N,N-diethyiaminoethyl (meth)acrylate, N,N-dimethyl- 
aminopropyl (meth)acrylate, N,N-dimethylaminopropyl(meth)acrylamide, and their quaternary salts. These monomers 
may be used either alone respectively or in combinations with each other. 

w [0024] In the present invention, when the monomers other than acrylic acid (and its salts) are used, the ratio of 
them is preferably not higher than 30 mol %, more preferably not higher than 10 mol %, of the total with acrylic acid and 
its salts. If the above monomers other than acrylic acid (and its salts) are used in the above ratio, then the absorption 
properties of the finally resultant water-absorbent resin powder are still more improved, and the water-absorbent resin 
powder is obtainable at a still lower cost. 

15 [0025] When the above monomer is polymerized to obtain the crosslinked polymer as used in the present invention, 
bulk polymerization and precipitation polymerization can be carried out. However, considering the performance, the 
easiness of the polymerization control, or the liquid permeability of a swollen gel, it is preferable to carry out aqueous 
solution polymerization using the above monomer in the form of its aqueous solution. Incidentally, when the monomer 
is used in the form of its aqueous solution, the concentration of the monomer in its aqueous solution (hereinafter 

20 referred to as "aqueous monomer solution") is not especially limited, but is preferably in the range of 10-70 weight %, 
more preferably 20-40 weight %. In addition, when the above aqueous solution polymerization is carried out, a solvent 
other than water may be jointly used if necessary, and the kind of the solvent as jointly used is not especially limited. 
[0026] Examples of the method of the aqueous solution polymerization include: a method in which the aqueous 
monomer solution is polymerized in a double-arm type kneader while the resultant hydrogel is crushed (in another 

25 word, pulverized) ; and a method in which the aqueous monomer solution is supplied into a prescribed vessel or onto 
a moving belt and then polymerized, and the resultant gel is crushed with a tool such as a meat chopper. 
[0027] When the above polymerization is initiated, the following radical polymerization initiators, for example, can 
be used: potassium persulfate, ammonium persulfate, sodium persulfate, t-butyl hydroperoxide, hydrogen peroxide, and 
2,2 , -azobis(2-amidinopropane) dihydrochloride. 

30 [0028] Furthermore, a redox initiator is also available by further using a reductant to promote decomposition of the 
above polymerization initiator and combining both with each other. Examples of the above reductant include: (bi)sulfur- 
ous acid salts such as sodium sulfite and sodium hydrogensulfite; L-ascorbic acid (or its salts); reducible metals (or their 
salts) such as ferrous salts; and amines. However, the reductant is not especially limited to them. 
[0029] The amount of the above polymerization initiator as used is usually in the range of 0.001-2 mol %, prefera- 

35 bly 0.01-0.1 mol%. In the case where the amount of the polymerization initiator is smaller than 0.001 mol %, there are 
disadvantages in that a large amount of monomers remain unreacted, so the amount of residual monomers in the 
resultant polymer increases. On the other hand, in the case where the amount of the polymerization initiator exceeds 2 
mol %, there might be disadvantages in that the water-soluble content in the resultant polymer increases. 
[0030] In addition, the polymerization reaction may be initiated by irradiating the reaction system with active energy 

40 rays, such as radiations, electron beam, and ultraviolet rays, or by the joint use of this irradiation and the above polym- 
erization initiators. Incidentally, the reaction temperature in the above polymerization reaction is not especially limited, 
but is preferably in the range of 15-110 °C, more preferably 20-90 °C. In addition, the reaction time is not especially 
limited either and may fitly be set according to factors such as the respective kinds of the monomers and polymerization 
initiators and the reaction temperature. 

45 [0031] The crosslinked polymer, as used in the present invention, may be a self-crosslinking type using no 
crosslinking agent, but preferable ones are those which are copolymerized or reacted with an internal -crosslinking 
agent having at least two polymerizable unsaturated groups or at least two reactive groups per molecule. 
[0032] Specified examples of the above internal-crossl inking agent include: N,N -methylenebis(meth)acrylamide, 
(poly)ethylene glycol di(meth)acrylate, (poly) propylene glycol di(meth)acrylate, trimethylolpropane tri(meth)acrylate, 

so glycerol tri(meth)acrylate, glycerol acrylate methacrylate, ethylene-oxide-modif ied trimethylolpropane tri(meth)acrylate, 
pentaerythritol hexa(meth)acrylate, triallyl cyanurate, triallyl isocyanurate, triallyl phosphate, trial lylamine, 
poly(meth)allyloxyalkanes, (poly)ethylene glycol diglycidyl ether, glycerol diglycidyl ether, ethylene glycol, polyethylene 
glycol, propylene glycol, glycerol, pentaerythritol, ethylenediamine, ethylene carbonate, propylene carbonate, polyeth- 
ylenimine, and glycidyl (meth)acrylate. 

55 [0033] These inter nal-crosslinking agents may be used either alone respectively or in combinations with each 
other. In addition, these internal -crosslinking agents may be added to the reaction system either all at once or division- 
ally. When at least one kind or two or more kinds of internal-crosslinking agents are used, it is preferable to essentially 
use a compound with at least two polymerizable unsaturated groups in the polymerization step, considering the prop- 
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erties such as absorption properties of the finally resultant water-absorbent resin powder. 

[0034] The amount of the above internal-crosslinking agent as used is preferably in the range of 0.005-2 mol %, 
more preferably 0.02-0.5 mol %, still more preferably 0.04-0.2 mol %, of the above monomers. In the respective cases 
where the amount of the internal-crosslinking agent is smaller than 0.005 mol % and where the amount of the internal- 
5 crosslinking agent exceeds 2 mol %, sufficient absorption properties might not be obtained. 

[0035] When the crosslinking structure is introduced into internal portions of the polymer using the above internal- 
crosslinking agent, the internal-crosslinking agent may be added to the reaction system before or on the way of polym- 
erization of the above monomers, or thereafter, or after neutralization. 

[0036] Incidentally, in the above polymerization, the following materials may be added to the reaction system: vari- 
w ous foaming agents such as carbonates (or hydrogencarbonates), carbon dioxide, azo compounds, and inert organic 
solvents; hydrophilic polymers such as starch, cellulose, their derivatives, polyvinyl alcohol, polyacrylic acid (or its 
salts), and crosslinked polymers of polyacrylic acid (or its salts); various surfactants; chelating agents; and chain trans- 
fer agents such as hypophosphorous acid (or its salts). 

[0037] When the above-mentioned crosslinked polymer is a product by the aqueous solution polymerization and is 
15 a gel, namely, a hydrogeiled crosslinked polymer, this crosslinked polymer is dried (if necessary) and usually pulverized 
before and/or after this drying, thus obtaining an arbitrarily pulverized crosslinked polymer. 

[0038] The water content of the crosslinked polymer, usable in the present invention, is not especially limited, but is 
preferably in the range of 0.1-40 weight % (but not including 40 weight %), more preferably 0.2-20 weight %, still more 
preferably 0.5-1 0 weight %. 

20 [0039] In addition, the particle diameter of the crosslinked polymer, usable in the production process according to 
the present invention, is usually in the range of 10-1.500 \im, preferably 10-1,000 ^im, more preferably 50-800 urn, 
still more preferably 75-700 ^im (but not including 75 jim), particularly preferably 150-600 \im (but not including 150 
lim), on average. 

[0040] Next, an explanation is made on the grinding of the aforementioned crosslinked polymer particles, wherein 
25 the grinding is a feature of the present invention production process for a water-absorbent resin powder. 

[0041 ] An example of the shape of the water-absorbent resin powder which is obtained by the production process 
according to the present invention is shown in Fig. 2 (B). 

[0042] The "grinding" in the present invention is defined as a mechanical unit operation to reduce the specific sur- 
face area of the polymer particles by fracture or friction which is caused by applying the external force to the polymer 

30 particles. Accordingly, when a comparison is made in the same particle diameter distribution, the conception of the 
"grinding" is different from that of the "pulverization" which increases the specific surface area. 
[0043] In addition, in other words, the "pulverization" in the present invention is defined as a mechanical operation 
to reduce the particle diameter of a gel resultant from aqueous solution polymerization (or preferably a solid substance 
as obtained by drying this gel) by fracture which is caused by applying the external force, such as chopping force (in 

35 other words, dividing force), to the above gel or solid substance, wherein the pulverization is mainly made throughout 
or inside the particles. In comparison therewith, the "grinding" in the present invention is defined as a mechanical oper- 
ation to smooth surfaces of particles having angular or pointed portions, resultant from the pulverization, by eliminating 
convex portions from such particles, therefore the grinding is mainly made on surfaces of the particles. Then, the pro- 
duction process for a water-absorbent resin powder, according to the present invention, is characterized by comprising 

40 the step of grinding (surfaces of) the crosslinked polymer particles until the bulk density thereof increases to not lower 
than 0.72 (g/ml). Incidentally, the bulk density, as herein referred to, is defined as the bulk density of particles from which 
fine powders, as generated (scraped off) by grinding, has been removed. In addition, the removed fine powders may be 
recovered and then recycled, if necessary (e.g. refer to USP 4,950,692, USP 5,064,582, USP 5,264,495, USP 
5,478,879, EP 812,873, EP 885,917, EP 844,270). 

45 [0044] Incidentally, the fine powders, as herein referred to, are, for example, particles having particle diameters of 
not greater than a certain value, for example, 100 \xm, preferably 150 urn, more preferably 212 ^m. In addition, exam- 
ples of methods to remove the fine powders include: a method which involves screening with sieves; and a method in 
which the fine powders are removed by utilizing a gas stream. Incidentally, when the fine powders are removed, the 
entire removal is difficult due to factors such as classification efficiency, therefore it is enough to remove usually not less 

so than 50 weight %, preferably not less than 70 weight %, more preferably not less than 90 weight %, of the fine powders. 
[0045] In the present invention, the grinding is carried out to the crosslinked polymer particles as obtained by the 
aforementioned process, and it is preferable to carry out the below-mentioned surface treatment after the grinding. The 
particle shape of the crosslinked polymer particles resultant from the aforementioned process is an arbitrarily pulver- 
ized one, so the crosslinked polymer particles have angular or frilly portions (Fig. 2 (A) and Fig. 9), and are formed into 

55 a comparatively roundish shape by the above grinding operation (Fig. 2 (B) and Fig. 8). 

[0046] Because the polymer particles become more rounded into a uniform shape by the grinding according to the 
present invention, the bulk density of the ground polymer is higher than that of the unground polymer, and is preferably 
not lower than 0.72 g/ml, and more preferably in the range of 0.72-0.95 g/ml, still more preferably 0.73-0.90 g/ml, yet 
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still more preferably 0.74-0.90 g/ml, yet still more preferably 0.75-0.90 g/ml, yet still more preferably 0.76-0.90 g/ml, 
particularly preferably 0.78-0.90 g/ml, most preferably 0.79-0.90 g/ml. In the case where the bulk density of the ground 
polymer is lower than 0.72 g/ml, there are disadvantages in that the liquid permeability of the finally resultant absorbent 
structure or article is not a sufficiently enhanced one, and further in that the resistance of the resultant water-absorbent 

5 resin powder to the impact (process damage) is inferior. In addition, in the case where the bulk density of the ground 
polymer is higher than 0.95 g/ml, there is a possibility that it might be difficult to ensure liquid-permeable spaces 
between gels when swelling. Incidentally, the value of the bulk density in the present invention is measured in a state 
where the solid content of the polymer (based on the moisture content) is not lower than 95 weight % 
[0047] Incidentally, the bulk density (unit: g/ml) is a value per unit capacity of the total weight of a plurality of parti- 

w cles when packed in a vessel having a certain capacity. Then, because there are clearances (gaps) between particles 
when packed in the vessel, the value of the bulk density is lower than the "density" or "absolute specific gravity" (unit: 
g/cm 3 ), which is a value of the mass per unit volume of a particle, almost by the gaps. 

[0048] In addition, the value of the bulk density is influenced by how to pack the particles (which of coarse (loose) 
packing and close (tapped) packing), and further, more or less, the value of the bulk density varies with the type of a 

is measurement apparatus (bulk density meter). 

[0049] Examples of the apparatus to measure the bulk density include those which are represented by J IS K-3362, 
JIS K-6721, ASTM D 1895-69, or edana APPARENT DENSITY 460, 1-99. The measured values with these appara- 
tuses are not necessarily the same as each other, and therefore cannot generally be compared with each other. For 
example, a measured value with an apparatus which is represented by the above edana APPARENT DENSITY 460, 1 - 

20 99 tends to be somewhat higher than a measured value with an apparatus which is used in the present invention (an 
apparatus which is represented by JIS K-3362). In addition, the measured value further varies with measurement con- 
ditions. For example, the measured value increases by giving a vibration or tapping the measurement apparatus when 
the water-absorbent resin powder is packed into a measurement vessel. In the present invention, the measurement is 
carried out without giving a vibration or tapping the measurement vessel in process of packing. A value, as determined 

25 with a measurement apparatus by a measurement method which are explained in the below-mentioned DETAILED 
DESCRIPTION OF THE PREFERRED EMBODIMENTS, is used as the value of the bulk density in the present inven- 
tion. 

[0050] Because the polymer particles become more rounded into a uniform shape by the grinding according to the 
present invention, the reduction of the average particle diameter (D50) of the ground polymer from that of the unground 

30 polymer is less than in the case of the pulverization, and is preferably not more than 40 %, more preferably not more 
than 30 %, still more preferably not more than 25 %. The grinding to exceed 40 % has the disadvantage, for example, 
of decelerating the water absorption rate or increasing the amount of the generation of fine powders. 
[0051 ] The device which is used to carry out the grinding according to the present invention is not especially limited, 
but devices which can grind the particle surface by mechanically stirring the particles are preferable, and homogenizers 

35 or pin mills are particularly preferable for enabling the achievement of effective grinding, and more preferably, high- 
speed homogenizers are used. The homogenizer is usually a mixing device to form a suspension or emulsion from a 
two-phase system of solid-liquid or liquid-liquid, but, in the present invention, the homogenizer is found effective for the 
grinding of the crosslinked polymer particles. 

[0052] For example, in the case where the crosslinked polymer is ground with the homogenizer in the present 

40 invention, the grinding is carried out at preferably 1 ,000-20,000 rpm, more preferably 3,000-10,000 rpm, for preferably 
30 seconds - 5 hours, more preferably 1 minute - 3 hours, still more preferably 3 minutes - 2 hours. 
[0053] Because, as is aforementioned, the crosslinked polymer particles become more rounded into a uniform 
shape by the grinding according to the present invention, liquid-permeable spaces can so uniformly exist throughout the 
resin in absorbent structures or articles, including a plurality of the polymer particles, that the liquid permeability 

45 between particles (under a load) can be enhanced in spite of reduction of gaps between particles. 

[0054] In addition, because, as is aforementioned, the bulk density (g/ml) of the water-absorbent resin powder is 
increased by the grinding according to the present invention, merits in the transportation can also be considered, for 
example, in that a vessel (bag) into which the resultant water-absorbent resin powder is placed can be compact, or in 
that a large amount of water-absorbent resin powder can be packed into an identical vessel. 

so [0055] Furthermore, because, as is aforementioned, the angular or frilly portions of the polymer particles is elimi- 
nated by the grinding according to the present invention, the damage (what is called process damage) of the resin for 
example due to collision between resin particles or between the resin and the device in the production process for the 
resin is lessened, so that the physical properties of the resin can be prevented from deteriorating due to this damage. 
In addition, not only the process damage, but also the damage of the resin during the transportation after production, 

55 or during the production of absorbent articles, or during the practical use (e.g. for disposable diapers) can be reduced, 
so the deterioration of the physical properties can be prevented. In addition, when compared with conventional particles 
(water-absorbent resin powder), the ground particles (water-absorbent resin powder) have better miscibility with sur- 
face-crosslinking agents, therefore merely form a smaller amount of lumps in the mixing step, therefore can be surface- 
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crosslinked more uniformly, therefore give the resultant water-absorbent resin powder better absorption properties or 
higher process damage resistance. 

[0056] The present invention production process for a water-absorbent resin powder, preferably, further comprises 
the step of carrying out a surface-crosslinking treatment by further mixing a surface-crosslinking agent with the 
crosslinked polymer particles (water-absorbent resin powder) resultant from the grinding treatment in the above way. 
The surface-crosslinking treatment is able to reduce the formation of fisheyes of particles when absorbing water or to 
improve the absorption properties under a load. Furthermore, the surface-crosslinking treatment of the crosslinked pol- 
ymer (water-absorbent resin powder) resultant from the grinding treatment can enhance the liquid permeability under 
a load without damaging the absorption properties under a load. 

[0057] Examples of the surface-crosslinking agent, usable in the present invention, include: polyhydric alcohol com- 
pounds such as ethylene glycol, diethylene glycol, propylene glycol, triethylene glycol, tetraethylene glycol, polyethyl- 
ene glycol, 1,3-propanediol, dipropylene glycol. 2,2,4-trimethyl-1,3-perrtanediol, polypropylene glycol, glycerol, 
polyglycerol, glycerophosphoric acid, 2-butene-1,4-diol, 1 ,3-butanediol, 1 ,4-butanediol, 1 ,5-pentanediol, 1,6-hexane- 
diol, 1,2-cyclohexanedimethanol, 1,2-cyclohexanol. trimethyiolpropane, diethanolamine, triethanolamine, polyoxypro- 
pylene, axyethylene-oxypropylene block copolymer, pentaerythritol and sorbitol; epoxy compounds such as ethylene 
glycol diglycidyl ether, polyethylene glycol diglycidyl ether, glycerol polyglycidyl ether, diglycerol polyglycidyl ether, pol- 
yglycerol polyglycidyl ether, propylene glycol diglycidyl ether, polypropylene glycol diglycidyl ether and glycidol; 
polyamine compounds, such as ethylenediamine, diethylenetriamine, triethylenetetramine, tetraethylenepentamine, 
pentaethylenehexamine and polyethylenimine, and their inorganic or organic salts (for example, azetidinium salts); 
polyisocyanate compounds such as 2,4-tolylene diisocyanate and hexamethylene diisocyanate; polyoxazoline com- 
pounds such as 1,2-ethylenebisoxazoIine, polyisopropenyloxazoline, and copolymers thereof; alkylene carbonate com- 
pounds such as 1 ,3-dioxolan-2-one, 4-methyl-1,3-dioxolan-2-one, 4,5-dimethyM ,3-dioxolan-2-one, 4,4-dimethyl-1,3- 
dioxolan-2-one, 4-ethyl-1 ,3-dioxolan-2-one, 4-hydroxymethyl-1 ,3-dioxolan-2-one, 1 ,3-dioxan-2-one, 4-methyl-1 ,3- 
dioxan-2-one, 4,6-dimethyl-1 ,3-dioxan-2-one and 1 ,3-dioxopan-2-one; haloepoxy compounds, such as epichlorohydrin. 
epibromohydrin and a-methylepichlorohydrin, and their polyamine adducts (for example, Kymene made by Hercules: 
registered trademark); silane coupling agents such as y-glycidoxypropyltrimethoxysilane and y-aminopropyrtriethoxysi- 
lane; and polyvalent metallic compounds such as hydroxides and chlorides of zinc, calcium, magnesium, aluminum, 
iron and zirconium. Among them, the polyhydric alcohols and the alkylene carbonate compounds are preferable in view 
of the safety in the case where the surface-crosslinking agent remains unreacted. Particularly preferable surface- 
crosslinking agents are those which include polyhydric alcohols. 

[0058] These surface-crosslinking agents may be used either alone respectively or in combinations with each other. 
When at least two surface-crosslinking agents are used jointly with each other, a water-absorbent resin with still more 
excellent absorption properties is obtainable by combining a first and a second surface-crosslinking agent which have 
solubility parameters (SP values) different from each other. Incidentally, the above-mentioned solubility parameter is a 
value as commonly used as a factor showing the polarity of compounds. 

[0059] The above-mentioned first surface-crosslinking agent is a compound which is reactive upon a carboxyl 
group of the crosslinked polymer (water-absorbent resin powder) and has a solubility parameter of not less than 12.5 
(cal/cm 3 ) 1/2 (0.0256 (J/m 3 ) 172 ). Examples of the first surface-crosslinking agent include ethylene glycol, propylene gly- 
col, glycerol, ethylene carbonate, and propylene carbonate. The above-mentioned second surface-crosslinking agent 
is a compound which is reactive upon a carboxyl group of the crosslinked polymer (water-absorbent resin powder) and 
has a solubility parameter less than 12.5 (cal/cm 3 ) 1/2 (0.0256 (J/m 3 ) 1/2 ). Examples of the second surface-crosslinking 
agent include glycerol polyglycidyl ether, (poly)glycerol polyglycidyl ether, ethylene glycol diglycidyl ether, 1 ,3-propane- 
diol, trimethyiolpropane, 1,3-propanediol, 1,6-hexanediol, diethylene glycol, triethylene glycol, tetraethylene glycol, and 
1,4-butanediol. 

[0060] The amount of the surface-crosslinking agent, as used if necessary for the crosslinked polymer (water- 
absorbent resin powder) resultant from the grinding treatment in the present invention, depends on factors such as 
combinations of the crosslinked polymer (water-absorbent resin powder) and the surface-crosslinking agent, but is usu- 
ally in the range of 0.005-10 weight parts, preferably 0.05-5 weight parts, per 100 weight parts of the crosslinked pol- 
ymer (water-absorbent resin powder) standing in a dry state. In the case where the above first surface-crosslinking 
agent is jointly used with the above second surface-crosslinking agent, the amount of the first surface-crosslinking 
agent as used is in the range of preferably 0.01-8 weight parts, more preferably 0.1-5 weight parts, and the amount of 
the second surface-crosslinking agent as used is in the range of preferably 0.001-1 weight parts, more preferably 
0.005-0.5 weight parts. If the surface-crosslinking agent is used in the above range, the absorption properties for body 
fluids (aqueous liquids) such as urine, sweat and menstrual blood can be still more improved. In the case where the 
amount of the surface-crosslinking agent as used is smaller than 0.005 weight part, the crosslinking density in the 
neighborhood of the surface of the crosslinked polymer (water-absorbent resin powder) can hardly be raised, and the 
absorption properties might not be improved. In addition, in the case where the amount of the surface-crosslinking 
agent as used exceeds 10 weight parts, the surface-crosslinking agent is excessive, and this is uneconomical, and fur- 
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ther, it might be difficult to control the crosslinking density to a proper value, so the water absorption capacity might not 
be improved. 

[0061] In the present invention, it is preferable to use water when the crosslinked polymer (water-absorbent resin 
powder) resultant from the grinding treatment is mixed with the surface-crosslinking agent. The amount of water, as 

5 used then, is different according to the kind, particle diameter, or water content of the crosslinked polymer (water- 
absorbent resin powder), but is usually in the range of 0.5-10 weight parts, preferably 0.5-3 weight parts, per 100 
weight parts of the solid content of the crosslinked polymer (water-absorbent resin powder). In the case where the 
amount of water as used exceeds 10 weight %, the water absorption capacity might be decreased. In the case where 
the amount is smaller than 0.5 weight %, there is a possibility that the water absorption capacity under a load could not 

w be improved. 

[0062] In addition, in the present invention, a hydrophilic organic solvent may be used in the case where the 
crosslinked polymer (water-absorbent resin powder) is mixed with the surface-crosslinking agent. Examples of the usa- 
ble hydrophilic organic solvent include: alcohols such as methyl alcohol, ethyl alcohol, propyl alcohol, isopropyl alcohol, 
butyl alcohol, isobutyl alcohol, t-butyl alcohol, and propylene glycol; ketones such as acetone; ethers such as dioxane, 
is alkoxy(poly)ethylene glycol, and tetrahydrofuran; amides such as N.N-dimethylformamide; and sulfoxides such as 
dimethyl sulfoxide. The amount of the organic solvent as used is different according to the kind or particle diameter of 
the crosslinked polymer (water-absorbent resin powder), but is usually in the range of 0-1 0 weight parts, preferably 0-5 
weight parts, more preferably 0.1-5 weight parts, per 100 weight parts of the crosslinked polymer (water-absorbent 
resin powder). 

20 [0063] In the present invention, the mixing of the crosslinked polymer (water-absorbent resin powder) with the sur- 
face-crosslinking agent may be carried out in a state where the crosslinked polymer (water-absorbent resin powder) is 
dispersed in organic solvents such as cyclohexane and pentane. However, examples of processes therefor include a 
process comprising the steps of: mixing the surface-crosslinking agent with water and/or the hydrophilic organic solvent 
if necessary; and then spraying or dropping the resultant mixture to the crosslinked polymer (water-absorbent resin 

25 powder), thereby mixing them. Spraying is preferable for such a process, and the size of liquid drops to be sprayed is 
preferably not larger than 300 urn, more preferably not larger than 200 urn. A water-insoluble finely particulate powder 
or a surfactant may be allowed to coexist when water is used for mixing. 

[0064] The mixing apparatus favorable for the above mixing needs to be able to generate a great mixing force to 
ensure the uniform mixing. Preferable examples of the mixing apparatus, usable in the present invention, include: cyl- 

30 inder type mixers, double-wall cone type mixers, high-speed agitation type mixers, V-character-shaped mixers, ribbon 
type mixers, screw type mixers, fluidized-furnace rotary disk type mixers, gas current type mixers, double-arm type 
kneaders, internal mixers, pulverizing type kneaders, rotary mixers, and screw type extruders. 
[0065] In the present invention production process for a water-absorbent resin powder, the crosslinked polymer 
(water-absorbent resin powder) resultant from the grinding treatment is preferably mixed with the surface-crosslinking 

35 agent, and then the neighborhood of the surface of the water-absorbent resin powder is crosslinked, when a heat treat- 
ment is carried out if necessary. 

[0066] When the heat treatment is carried out in the present invention, the treatment period of time is preferably in 
the range of 1-180 minutes, more preferably 3-120 minutes, still more preferably 5-100 minutes. The treatment tem- 
perature is preferably in the range of 80-250 °C, more preferably 100-210 °C, still more preferably 120-200 °C. The 
40 heating temperature lower than 80 °C might not only lengthen the heat treatment time and therefore deteriorate the pro- 
ductivity, but also hinder the uniform crosslinking from being achieved and therefore disable the production of the excel- 
lent water-absorbent resin powder. In addition, in the case where the treatment temperature is higher than 250 °C, the 
resultant water-absorbent-resin powder might be damaged, so it might be difficult to obtain what has excellent water 
absorption capacity. 

45 [0067] The heat treatment can be carried out using conventional dryers or heating-furnaces, and examples thereof 
include: channel type mixing dryers, rotary dryers, disk dryers, fluidized-bed dryers, gas-stream type dryers, and infra- 
red dryers. 

[0068] The above surface-crosslinking treatment gives a water-absorbent resin powder having a water absorption 
capacity of preferably not lower than 20 (g/g), more preferably not lower than 23 (g/g), still more preferably not lower 

so than 25 (g/g). yet still more preferably not lower than 27 (g/g). particularly preferably not lower than 28 (g/g). for 0.9 
weight % physiological saline under a load of 0.7 psi (4.83 kPa). Incidentally, the above physical property is that of a 
water-absorbent resin powder which has not yet undergone the below-mentioned mechanical damage test. Unlike con- 
ventional ones, however, the water-absorbent resin powder according to the present invention is excellent in terms of 
keeping the above physical property, or deteriorating it little, even after having undergone mechanical damage. 

55 [0069] If necessary, the above production process for a water-absorbent resin powder, according to the present 
invention, may further comprise the step of giving various functions to the water-absorbent resin powder by adding 
thereto, for example, the following materials: deodorants; antimicrobial agents; perfumes; inorganic fine powders such 
as silicon dioxide and titanium oxide; foaming agents; pigments; dyes; hydrophilic short fibers; plasticizers; pressure 
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sensitive adhesives; surfactants; manure; oxidants; reductants; water; salts; chelating agents; fungicides; hydrophiJic 
polymers such as polyethylene glycol and polyethylenimine; hydrophobic polymers such as paraffins; thermoplastic 
resins such as polyethylene and polypropylene; and thermosetting resins such as polyester resins and urea resins. 

s (Water-absorbent resin powder): 

[0070] The arbitrarily pulverized water-absorbent resin powder, according to the present invention, is characterized 
by having a bulk density of not lower than 0.74 (g/ml) and a water absorption capacity of not lower than 20 (g/g) for 0.9 
weight % physiological saline under a load of 0.7 psi (4.83 kPa), and is, for example, obtainable by the aforementioned 

jo production process according to the present invention, but is not limited by this production process. 

[0071] As to conventional arbitrarily pulverized water-absorbent resin powders, no other but has a bulk density of 
lower than 0.74 (g/ml) has been disclosed so far in the case where it has a water absorption capacity of not lower than 
20 (g/g) for 0.9 weight % physiological saline under a load of 0.7 psi (4.83 kPa). Therefore, the aforementioned arbitrar- 
ily pulverized water-absorbent resin powder according to the present invention is a novel resin. If the bulk density is not 

is lower than 0.74 (g/ml), liquid-permeable spaces are so uniformly distributed throughout the resin that the liquid perme- 
ability can be enhanced. On the other hand, a water-absorbent resin resultant from reversed- phase suspension polym- 
erization, which has a comparatively small particle diameter or is spherical, is difficult to fix to pulp and is therefore 
unsuitable for absorbent articles, and further, this water-absorbent resin tends to be in the form of closest packing, so 
the quantity of liquid-permeable space portions between particles is too small, and the liquid permeability (under a load) 

20 is therefore low. Accordingly, the aforementioned water-absorbent resin powder according to the present invention is a 
resin which can provide improved results with regard to both performances of the water absorbency and the liquid per- 
meability (under a load). So far, to ensure the liquid permeability of a gel under a high load, the absorption properties 
has needed to be sacrificed by increasing the crosslinking density of the gel or adding an additive, while.the liquid per- 
meability has been sacrificed to ensure high absorption properties (water absorption capacity), therefore it has been 

25 difficult to ensure both the water absorbency and the liquid permeability (under a load). However, the water-absorbent 
resin powder according to the present invention enables it. 

[0072] In addition, if the bulk density is not lower than 0.74 (g/ml), there are also merits in the transportation, for 
example, in that a vessel (bag) into which the resultant water-absorbent resin powder is placed can be compact. Fur- 
thermore, there are merits in that excessive unevenness of the resin particles is so little that the process damage or the 
30 damage which the resin particles undergo in practical use is little when the resin is conveyed in the production steps of 
the water-absorbent resin powder or when diapers are produced. Incidentally, in the present invention it has been found 
that the increase of the bulk density to not lower than 0.74 (g/ml) further has the unexpected merit of decreasing the 
water-soluble content of the water-absorbent resin powder. 

[0073] The bulk density of the arbitrarily pulverized water-absorbent resin powder according to the present inven- 

35 tion is preferably not lower than 0.75 (g/ml), more preferably not lower than 0.76 (g/ml), still more preferably not lower 
than 0.78 (g/ml), particularly preferably not lower than 0.79 (g/ml), in view of better liquid permeability under a load and 
less process damage. In addition, the upper limit of the bulk density is preferably not higher than 0.95 (g/ml), and more 
preferably not higher than 0.90 (g/ml). In the case where the upper limit exceeds 0.95 (g/ml), there are disadvantages 
in that the liquid permeability (under a load) might be rather deteriorated, because the particles are too closely packed. 

40 [0074] The liquid permeability under a load of 0.3 psi (2.07 kPa) is a liquid permeability between particles of the 
water-absorbent resin powder in consideration of an infant's weight as applied to absorbent articles such as diapers. It 
has been found that such a liquid permeability under a load of 0.3 psi (2.07 kPa) is, however, not achieved by water- 
absorbent resin powders which merely have high water absorption capacity under the load of 0.3 psi (2.07 kPa). 
[0075] Incidentally, water-absorbent resin powders having a water absorption capacity of not lower than 20 (g/g) 

45 under the load of 0.3 psi (2.07 kPa) and water-absorbent resin powders (as have undergone the pulverization step) hav- 
ing a bulk density in the range from about 0.4 up to about 0.7 (g/ml) have been known so far (for example, water-absorb- 
ent resin powders having a bulk density in the range of 0.40-0.46 (g/ml) are disclosed in the working example portion 
of JP-A-61-200102). In general, however, the water absorption capacity under a load decreases in proportion as the 
load increases. Therefore, even if a water-absorbent resin powder has high water absorption capacity under a load of 

so 0.3 psi (2.07 kPa), this water-absorbent resin powder does not necessarily have high water absorption capacity under 
a load of 0.7 psi (4.83 kPa). Even if water-absorbent resin powders have the same water absorption capacity under a 
load of 0.3 psi, they exhibit different values under a load of 0.7 psi due to factors such as their production processes or 
polymeric structures. 

[0076] To improve the liquid permeability under a load of 0.3 psi (2.07 kPa), thus, the present inventors enhanced 
55 the water absorption capacity of a water-absorbent resin powder under a load of 0.7 psi (4.83 kPa), and further, 
enhanced the bulk density of the resin powder, thereby achieved the above object. That is to say, in the present inven- 
tion, grinding (surfaces of) the crosslinked polymer by the aforementioned method enhances the bulk density of a water- 
absorbent resin powder to a higher value than conventional ones, and further, enhances the water absorption capacity 
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of the resin powder under a load of 0.7 psi (4.83 kPa) to a higher value than conventional ones, thereby can achieve the 
improvement upon the liquid permeability under a load of 0.3 psi (2.07 kPa) and further can reduce the process damage 
to the water-absorbent resin powder. 

[0077] In addition, the water absorption capacity of the arbitrarily pulverized water-absorbent resin powder accord- 

5 ing to the present invention is preferably not lower than 23 (g/g), more preferably not lower than 25 (g/g), still more pref- 
erably not lower than 27 (g/g), particularly preferably not lower than 28 (g/g), for 0.9 weight % physiological saline under 
a load of 0.7 psi (4.83 kPa). Incidentally, the above physical property is that of a water-absorbent resin powder which 
has not yet undergone the below-mentioned mechanical damage test Unlike conventional ones, however, the water- 
absorbent resin powder according to the present invention is excellent in terms of keeping the above physical property, 

10 or deteriorating it little, even after having undergone mechanical damage. 

[0078] By the same reason as mentioned in the preceding explanation of the production process, the arbitrarily pul- 
verized water-absorbent resin powder according to the present invention is preferably that of which the neighborhood 
of the surface is crosslinked, and further, this crosslinking is preferably made with a surface-crosslinking agent that 
includes a polyhydric alcohol. Specifications, for example, the type of the surface-crosslinking agent or the method for 

is the surface-crosslinking, are the same as aforementioned. 

[0079] The average particle diameter of the water-absorbent resin powder which is provided by the present inven- 
tion is preferably in the range of 150-600 urn, more preferably 300-600 |im. In addition, the content of fine powders 
having a particle diameter of not larger than 150 urn is usually not higher than 10 weight %, preferably not higher than 
5 weight %, of the whole water-absorbent resin powder. 

20 [0080] The arbitrarily pulverized water-absorbent resin powder, according to the present invention, further has an 
L value of preferably not lower than 85 in lightness (lightness index), and an a value preferably in the range of ±2 and a 
b value preferably in the range of 0-9 both in chromaticity (chromaticness index), as measured with a device such as 
a spectroscopic color difference meter. In the case where the L-, a-, or b value deviates from the above range, brown 
coloring tends to be seen on the surface of the water-absorbent resin powder, particularly, when the water-absorbent 

25 resin concentration (weight %) in the absorbent structure is high, particles of the water-absorbent resin might be seen 
in the form of yellowed spots in the absorbent structure, so such a case is not favorable to consumers. The above light- 
ness or chromaticity is determined by factors such as raw materials (e.g. monomers, initiators), purity thereof, or pro- 
duction conditions (e.g. heating temperature or time), but, usually, the aforementioned conditions according to the 
present invention may fitly be used. 

30 [0081] The arbitrarily pulverized water-absorbent resin powder, according to the present invention, or the water- 
absorbent resin powder as obtained by the production process, according to the present invention, undergoes little 
deterioration of the physical properties due to the process damage (mechanical damage), and exhibits a water absorp- 
tion capacity of preferably not lower than 25 (g/g), more preferably not lower than 30 (g/g), still more preferably not lower 
than 35 (g/g), after a mechanical damage test (which is explained in the below-mentioned DETAILED DESCRIPTION 

35 OF THE PREFERRED EMBODIMENTS). In addition, the water-soluble content is in the same range as aforemen- 
tioned, namely, preferably not higher than 20 weight %, more preferably not higher than 15 weight %. still more prefer- 
ably not higher than 12 weight %, yet still more preferably not higher than 10 weight %. 

(Absorbent structure): 

40 

[0082] The absorbent structure, according to the present invention, is characterized by comprising the aforemen- 
tioned arbitrarily pulverized water-absorbent resin powder according to the present invention and a fibrous material 
such as a hydrophilic fiber. In the case where the absorbent structure, for example, comprises the water-absorbent 
resin powder and the hydrophilic fiber, a constitution of the absorbent structure comprising a homogeneous mixture of 

45 the water-absorbent resin powder and the hydrophilic fiber is, for example, preferable for sufficiently displaying effects 
of the present invention. In this case, the weight ratio of the water-absorbent resin powder to the hydrophilic fiber is in 
the range of usually 20: 80 - 90 : 10, preferably 30 : 70 -90: 10, more preferably 40 : 60 - 80 : 20, still more preferably 
50 : 50 - 80 : 20. Because the water-absorbent resin powder according to the present invention has a ground surface 
and excellent liquid permeability, it is preferable for allowing the water-absorbent resin powder to display its features at 

so the maximum that the ratio of the water-absorbent resin powder is preferably not lower than 30 weight %, more prefer- 
ably not lower than 40 weight %. Examples of such include: a constitution comprising a homogeneous mixture of the 
water-absorbent resin powder and the hydrophilic fiber; a constitution comprising a layer of a homogeneous mixture of 
the water-absorbent resin powder and the hydrophilic fiber and a layer of the hydrophilic f foer as laminated on the pre- 
ceding layer; a constitution comprising a layer of a homogeneous mixture of the water-absorbent resin powder and the 

55 hydrophilic fiber, a layer of the hydrophilic fiber, and the water-absorbent resin powder as interposed between these lay- 
ers; and further a constitution comprising the water-absorbent resin powder as interposed between layers of the 
hydrophilic fiber; and still further a constitution comprising a sheet of the water-absorbent resin powder as shaped by 
combining a specific amount of water with the water-absorbent resin powder. Incidentally, the constitution of the absorb- 
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ent structure is not limited to the above-mentioned examples thereof. 

[0083] Examples of the above-mentioned fibrous material include hydrophilic fibers such as: cellulose fibers, for 
example, mechanical pulp, chemical pulp, semichemical pulp, digested pulp, as obtained from wood; and artificial cel- 
lulose fibers, for example, rayon, acetates. Among the above-exemplified fibers, cellulose fibers are preferable. In addi- 
5 tion, the hydrophilic fibers may comprise synthetic fibers such as polyamides. polyesters, and polyolefins. Incidentally, 
the fibrous material is not limited to the above-exemplified fibers. 

[0084] In addition, in the case where the ratio of the fibrous material such as the hydrophilic f toer in the absorbent 
structure is relatively small, the absorbent structures, namely, the hydrophilic fibers, may be allowed to adhere together 
using adhesive binders. If the hydrophilic fibers are allowed to adhere together, the strength and the shape retainability 

w of the absorbent structure before or during the use thereof can be enhanced. 

[0085] Examples of the above-mentioned adhesive binders include: heat-sealable fibers such as polyolefin fibers 
(e.g., polyethylene, polypropylene, ethylene-propylene copolymers. 1 -butene-ethylene copolymers); and adhesive 
emulsions. These adhesive binders may be used either alone respectively or in combinations with each other. The 
weight ratio of the hydrophilic fiber and the adhesive binder is preferably in the range of 50/50 to 99/1 , more preferably 

is 70/30 to 95/5, still more preferably 80/20 to 95/5. 

[0086] Because the absorbent structure according to the present invention is produced using the aforementioned 
water-absorbent resin powder according to the present invention wherein the resin powder is strong to the process 
damage, the physical properties are little deteriorated even in the production process for the absorbent structure, so the 
effects of the water-absorbent resin powder according to the present invention, such as achievement of both high 

20 absorbency and high liquid permeability, can be exhibited even in the absorbent structure. 

(Absorbent article): 

[0087] The absorbent article, according to the present invention, is characterized by comprising an absorbent layer 

25 including the aforementioned absorbent structure according to the present invention. 

[0088] In the absorbent article of the present invention, preferably an absorbent layer including the above-men- 
tioned absorbent structure is interposed between a liquid-permeable surface sheet and a liquid-impermeable back 
sheet, but it is permissible that a diffusion layer, helping a liquid diffuse and, for example, comprising nonwoven fabrics, 
cellulose, or crosslinked cellulose, is put on the upper face of the absorbent layer or on the back or upper face of the 

30 surface sheet. 

[0089] Because the absorbent article of the present invention comprises the absorbent layer including the absorb- 
ent structure of the above-mentioned constitution, this absorbent article has excellent water absorption properties as 
well as excellent liquid permeability as mentioned above. Specified examples of the absorbent article include sanitary 
materials such as disposable diapers, sanitary napkins, and so-called incontinence pads, but is not especially limited. 

35 Because the absorbent article has excellent water absorption properties and excellent liquid permeability, it can prevent 
urine from leaking and can afford so-called dry feeling in the case where the absorbent article is, for example, a dispos- 
able diaper. Particularly when the absorbent article according to the present invention is a diaper, it is preferable for 
achieving the satisfactory performances of the diaper excellent in liquid permeability that the absorbent article com- 
prises an absorbent layer including the absorbent structure according to the present invention, and that the absorbent 

40 structure has an arbitrarily pulverized water-absorbent resin powder content of not lower than 30 weight %, more pref- 
erably not lower than 40 weight %, still more preferably not lower than 50 weight %, particularly preferably not lower than 
60 weight %. 

[0090] The above-mentioned sheet with liquid permeability (hereinafter referred to as liquid-permeable sheet) com- 
prises a material that is permeable with aqueous liquids. Examples of the material forming the liquid-permeable sheet 

45 include: nonwoven fabrics, woven fabrics; porous synthetic resin films of polyethylene, polypropylene, polyester, polya- 
mide. The above-mentioned sheet with liquid impermeability (hereinafter referred to as liquid-impermeable sheet) com- 
prises a material that is impermeable with aqueous liquids. Examples of the material forming the liquid-impermeable 
sheet include: synthetic resin films of polyethylene, polypropylene, ethylene vinyl acetate, polyvinyl chloride; films of 
combined materials of these synthetic resins with nonwoven fabrics; films of combined materials of the above-men- 

50 tioned synthetic resins with woven fabrics. Incidentally, the liquid-impermeable sheet may be permeable with vapor. 
[0091] The constitution of the absorbent layer is not especially limited if it has the above-mentioned absorbent 
structure. In addition, the process for producing the absorbent layer is not especially limited. Furthermore, the method 
for interposing the absorbent layer between the liquid-permeable sheet and the liquid-impermeable sheet, namely, the 
process for producing the absorbent article, is not especially limited. 

55 [0092] Incidentally, it is permissible to afford various functions to the absorbent structure or article by further adding 
materials, such as deodorants, perfumes, various inorganic powders, foaming agents, pigments, dyes, hydrophilic short 
fibers, fertilizers, oxidants, reductants, chelating agents, water, and salts, to the above-mentioned absorbent structure. 
[0093] Because the absorbent article according to the present invention comprises the absorbent structure as pro- 
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duced using the aforementioned water-absorbent resin powder according to the present invention, this absorbent arti- 
cle can provide the effects, which the water-absorbent resin powder according to the present invention has, such as 
achievement of both high absorbency and high liquid permeability. 

5 (Effects and Advantages of the Invention): 

[0094] The production process for a water-absorbent resin powder, according to the present invention, greatly 
enhances the liquid permeability while retaining the water absorbency at a conventional high level in comparison with 
conventional processes, and further, strengthens the resistance to the mechanical damage. In addition, the water 
10 absorbent resin powder, as obtained by the production process according to the present invention, is a novel resin pow- 
der having high water absorbency and high bulk density. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 [0095] Hereinafter, the present invention is more specifically illustrated by the following examples of some preferred 
embodiments in comparison with comparative examples not according to the invention. However, the invention is not 
limited to these examples. Incidentally, the performances of the polymer and the water-absorbent resin powder were 
measured by the below-mentioned methods. 

[0096] In addition, in the case where the water-absorbent resin powder has absorbed the moisture due to factors 
20 such as distribution, preservation, or combination with absorbent articles, it is preferable that the measured values of 
the physical properties of the water-absorbent resin powder are corrected on the water content, if necessary. For exam- 
ple, in the case where the water content (based on the moisture content) of the water-absorbent resin powder is lower 
than 5 weight %. the measured values may be used as they are without the correction on the water content, but, in the 
case where the water content (based on the moisture content) is not lower than 5 weight % due to factors such as mois- 
25 ture absorption, it is preferable that the below-mentioned found values are corrected on the water content (e.g. 5 weight 
%) and then used, or that the water-absorbent resin powder which has absorbed the moisture is dried (for example, 
under vacuum in a wind-free drying oven of 60 °C) prior to the measurement. 

(Water absorption capacity under no load): 

30 

[0097] First, 0.2 g of water-absorbent resin powder was uniformly placed into a nonwoven-fabric-made bag (60 mm 
x 60 mm) and then immersed into 0.9 wt % physiological saline. Sixty minutes later, the bag was drawn up and then 
drained at 250 G for 3 minutes with a centrifuge, and the weight W1 (g) of the bag was then measured. On the other 
hand, the same procedure was carried out using no water-absorbent resin powder, and the resultant weight W0 (g) was 
35 measured. Thus, the water absorption capacity (g/g) under no load was calculated from these weights W1 and W0 in 
accordance with the following equation: 

water absorption capacity (g/g) under no load = (W1 (g) - W0 (g))/(weight (g) of water-absorbent resin powder). 

40 (Water absorption capacity under load): 

[0098] Hereinafter, first, the measurement apparatus as used for measuring the water absorption capacity under a 
load is explained on the basis of Fig. 3. 

[0099] As is shown in Fig. 3, the measurement apparatus comprises: a scale 1 1 ; a vessel 12 of a predetermined 
45 capacity as mounted on the scale 1 1; an air-inhaling pipe 13; an introducing tube 14; a glass filter 16; and a measure- 
ment part 15 as mounted on the glass filter 16. 

[0100] The vessel 12 has an opening part 12a on the top and an opening part 1 2b on the side. The air-inhaling pipe 
13 is inserted in the opening part 12a of the vessel 12, and the introducing tube 14 is fitted to the opening part 12b of 
the vessel 12. 

so [0101] In addition, the vessel 12 contains a predetermined amount of physiological saline 22. The lower end part of 
the air-inhaling pipe 13 is submerged in the physiological saline 22. The air-inhaling pipe 13 is set to keep the internal 
pressure of the vessel 12 nearly atmospheric. The glass filter 16 is formed in a diameter of 55 mm. The vessel 12 and 
the glass filter 16 are connected to each other through the introducing tube 14 made of silicone resin. In addition, the 
position and level of the glass filter 16 are fixed relative to the vessel 12. 

55 [01 02] The measurement part 1 5 comprises: filter paper 1 7; a supporting cylinder 1 8; a wire gauze 1 9 as attached 
to the bottom of the supporting cylinder 18; and a weight 20; and the measurement part 15 is formed by mounting the 
filter paper 17 and the supporting cylinder 18 (bottomed with the wire gauze 19) in this order on the glass filter 16 and 
further mounting the weight 20 inside the supporting cylinder 18, namely, on the wire gauze 19. The wire gauze 19 is 
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made of stainless steel and formed in 400 mesh (mesh opening size: 38 urn). In addition, the level of the upper face of 
the wire gauze 1 9. namely, the level of the contact face of the wire gauze 1 9 with a water-absorbent resin powder 21 , 
is set so as to be as high as the level of the lower end face 1 3a of the air-inhaling pipe 1 3. An arrangement is made such 
that a predetermined amount of water-absorbent resin powder having a predetermined particle diameter can uniformly 
5 be spread onto the wire gauze 19. The weight 20 is adjusted in weight such that a toad of 0.7 psi (4.83 kPa) can uni- 
formly be applied to the water-absorbent resin powder 21 on the wire gauze 19. 

[01 03] The water absorption capacity of the water-absorbent resin powder 21 under a load was measured with the 
measurement apparatus having the above-mentioned constitution. The measurement method is hereinafter explained. 
[0104] First, predetermined preparatory operations were made, in which, for example, a predetermined amount of 
10 0.9 wt % physiological saline 22 was placed into the vessel 1 2, and the air-inhaling pipe 1 3 was inserted into the vessel 
12. Next, the filter paper 17 was mounted on the glass filter 16, and further, in parallel with this mounting operation, 0.9 
g of water-absorbent resin powder was uniformly spread into the supporting cylinder 18, namely, onto the wire gauze 
19, and the weight 20 was put on this water-absorbent resin powder 21 . 

[0105] Next, the wire gauze 19 (on which the water-absorbent resin powder 21 and the weight 20 were put) of the 
15 supporting cylinder 1 8 was mounted on the filter paper 1 7 such that the center line of the wire gauze 1 9 would conform 
with that of the glass filter 16. 

[01 06] Then , the weight (g) of the physiological saline 22, as absorbed by the water-absorbent resin powder 21 over 
a period of 60 minutes since the supporting cylinder 18 had been mounted on the filter paper 17, was determined from 
a value as measured with the scale 1 1 . 

20 [01 07] In addition, the same procedure as the above was carried out using none of the water-absorbent resin pow- 
der 21 , and the blank weight, namely, the weight (g) of the physiological saline 22. as absorbed by materials other than 
the water-absorbent resin powder 21 , such as the filter paper 17, was determined from a value as measured with the 
scale 1 1 and regarded as the blank value. Next, a correction was made by subtracting the blank value, and the weight 
(g) of the physiological saline 22 as actually absorbed by the water-absorbent resin powder 21 was divided by the 

25 weight of the water-absorbent resin powder 21 (0.9 g), thus calculating the water absorption capacity (g/g) under the 
load. 

(Liquid permeation amount under load): 

30 [0108] With an apparatus of Fig. 4 used, a water-absorbent resin powder (0.900 g) as uniformly put in a vessel 40 
was swollen with artificial urine (1) under a load of 0.3 psi (2.07 kPa) for 60 minutes. Next, measurement was made on 
the amount (g) of 0.69 wt % aqueous sodium chloride solution 33 as passed through the resultant swollen gel 44 
(mainly between particles thereof) under a load of 0.3 psi (2.07 kPa) for 10 minutes. 

[0109] As to the apparatus of Fig. 4, a glass tube 32 was inserted in a tank 31 , and the lower end of the glass tube 
35 32 was positioned such that the 0.69 wt % aqueous sodium chloride solution 33 could be maintained at the level of 5 
cm above the bottom of the swollen gel 44 in a cell 41 . The 0.69 wt % aqueous sodium chloride solution 33 in the tank 
31 was supplied into the cell 41 through an L 34 having a cock. Under the cell 41, there is a vessel 48 to collect the 
passed liquid, and this collecting vessel 48 was put on an even balance 49. The inner diameter of the cell 41 was 6 cm, 
and a No. 400 stainless wire gauze 42 (mesh opening size: 38 ^m) was set at the bottom of a lower portion of the cell 
40 41 . A lower portion of a piston 46 had enough openings 47 for the liquid to pass through, and the bottom of the piston 
46 is fitted with a glass filter 45 having so good permeability that the water-absorbent resin powder or a swollen gel 
thereof could not enter the openings 47. The cell 41 was put on a stand to support the cell, and a face of contact of the 
stand with the cell was set on a stainless wire gauze 43 that did not hinder the permeation of the liquid. 
[0110] The measured value was obtained in a way that the amount (g) of the liquid that had flowed for 10 minutes 
45 since the cock 35 was opened was read from the even balance. 

[0111] The artificial urine (1), which was used above, comprised 0.25 g of calcium chloride dihydrate, 2.0 g of 
potassium chloride, 0.50 g of magnesium chloride hexahydrate, 2.0 g of sodium sulfate, 0.85 g of ammonium dihydro- 
genphosphate, 0.15 g of diammonium hydrogenphosphate, and 994.25 g of pure water. 

50 (Mechanical damage test): 

[01 1 2] An amount of 30 g of water-absorbent resin powder and 1 0 g of glass beads (soda-lime glass beads of about 
6 mm in bead diameter for fractional distillation packing) were put into a glass vessel (trade name: A-29, mayonnaise 
bottle made by Yamamura Glass K.K.) of Fig. 5. Then, this vessel was fixed by being put between clamps which were 
55 fitted to a dispersing machine of Fig. 6 (No. 488 dispersing machine for test, made by Toyo Seiki Seisakusho K.K.), and 
a vibration of 750 cpm in vibration-rotation number was given to the vessel by 100 V/60 Hz for 30 minutes. Thereby, the 
vessel, which was fixed to the above dispersing machine, is moved right and left at a tilt angle of 12.5° each (total 25°), 
and simultaneously therewith vibrated back and forth by 8 mm each (total 16 mm), whereby the water-absorbent resin 
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powder in the vessel is impacted upon. 

[0113] The above impact is a force that is experientially defined as such representing the impact upon the water- 
absorbent resin powder in its production steps, but the above impact is widely applicable also to the damage during the 
transportation after production, or during the production of absorbent structures. 



[01 1 41 This was measured according to JIS K3362 with a bulk density meter (made by Kuramochi Sdentif ic Instru- 
ment Seisakusho K.K.) of Fig. 7. 

w [01 1 5] An amount of 1 20 g of sample (water-absorbent resin particles), which had been well-mixed to eliminate the 
unevenness according to the particle diameter, was placed into a funnel 62 with its damper 61 dosed. Immediately 
thereafter, the damper 61 was opened to drop the sample into a receiver 63. A portion of the sample, standing above 
the brim of the receiver, was scraped off with a glass rod. Then, the weight of the receiver containing the sample was 
measured with an accuracy of 0.1 g to calculate a bulk density in accordance with the below-mentioned equation. Ind- 

15 dentally, the bulk density was measured under conditions where the solid content of the water-absorbent resin powder 
(based on the moisture content) was not lower than 95 weight %, and where the temperature was 25 ± 2 °C, and where 
the relative humidity was in the range of 30-50 %. 

[01 1 6] incidentally, in the case where the solid content (based on the moisture content) of the water-absorbent resin 
powder is lower than 95 weight %, it is preferable that the measurement is carried out after the water-absorbent resin 
20 powder has been dried preferably under vacuum in a wind-free drying oven of 60 °C to increase the solid content 
(based on the moisture content) to not lower than 95 weight %. 



S: bulk density (g/ml) 

A: weight (g) of the receiver 

B: capacity of the receiver (1 00 ml) 

30 C: weight (g) of the receiver when containing the sample 

(Specific surface area): 

[0117] The specific surface area of the water-absorbent resin powder was determined by the "B.E.T. (Brunauer- 
35 Emmett-Teiler) single-point method." "Analyte full automatic specific surface area measurement apparatus 4-Sorb U1 " 
(made by Yuasa Ionics Co., Ltd.) was used as the measurement apparatus. First of all, about 5 g of water-absorbent 
resin powder (of which the sample comprised particles as beforehand obtained by classification into the range of 
850-212 urn or 850-150 urn with sieves) was placed into a microcell (TYPE: QS-400) of about 13 cm 3 in capacity, and 
the microcell containing the sample was heated to 150 °C under a nitrogen gas current to degas and dehydrate the 
40 sample sufficiently. Next, the microcell containing the sample was cooled to -200 °C under a mixed-gas current includ- 
ing helium gas and 0.1 % krypton gas, and the sample was allowed to adsorb the mixed gas until equilibrium was estab- 
lished. Thereafter, the temperature of the microcell containing the sample was reverted to room temperature, and the 
mixed gas was eliminated from the sample to determine the specific surface area of the water-absorbent resin powder 
from the amount of the krypton-mixed gas as eliminated. Incidentally, the adsorption- elimination step of the microcell 
45 containing the sample was carried out 3 times to determine the specific surface area (m 2 /g) of the water-absorbent 
resin powder from the average amount. 

(Weight-average particle diameter): 

so [0118] The particle diameter distribution of particles, as obtained by beforehand dassifying the water-absorbent 
resin powder into the range of 850-212 urn or 850-150 \um with sieves (their mesh opening sizes were, for example, 
600 iim, 500 ^im, 425 urn, 300 jim, 212 nm, 150 *im, 106 ^m respectively), was plotted on logarithmic probability paper, 
from which the weight-average particle diameter (D50) was read. 

55 (Water content (solid content)): 

[0119] An amount of 1 ,000 g of water-absorbent resin powder was placed into an aluminum cup having an inner 
diameter of 52 mm and then dried by heating in a wind-free drying oven of 105 °C for 3 hours. The weight loss (g) on 
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(Bulk density): 



S = (C-A)/B 
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drying of the powder was regarded as water to determine the water content (weight %) (and calculate therefrom the 
solid content (weight %)). 

(Evaluation of color of water-absorbent resin powder): 



[0120] The surface color of the water-absorbent resin powder was measured in terms of L value in lightness (light- 
ness index) and a value and b value both in chromaticity (chromaticness index) of the water-absorbent resin powder 
under set conditions (reflection measurement/appendix powder-paste sample stand (30 mm<|>)/standard round white 
board No. 2/30<D projector pipe for powder-paste as the standard) using a spectroscopic color difference meter (SZ-E80 
10 COLOR MEASURING SYSTEM) made by Nippon Denshoku Kogyo Co., Ltd. 

(Absorption rate of absorbent structure: core acquisition): 

[0121] First. 1 1.4 g of water-absorbent resin powder and 6.2 g of wood pulp were mixed together in a dry manner 
15 with a mixer. Next, the resultant mixture was shaped into a web of the size of 260 mm x 150 mm. Thus, an absorbent 
structure (having a water-absorbent resin powder content of 65 weight %) was prepared. 

[01 22] On the other hand, artif icial urine (2) having the composition of urea 1 .9 weight %, NaCI 0.8 weight %, CaCI 2 
0.1 weight %, and MgS0 4 0.1 weight % (the balance was water) was prepared. 

[01 23] A load of 1 8 g/cm 2 was uniformly applied to the whole absorbent structure as above, and further, a cylinder 
20 having a diameter of 30 mm and a height of 1 20 mm was pressed onto a central portion of this absorbent structure to 
allow the cylinder to stand vertically. Next, 50 g of artificial urine (2) of 25 °C was poured into the cylinder quickly (at one 
stroke). Then, a period of time, in which the artificial urine (2) in the cylinder was entirely absorbed from the central por- 
tion into the whole absorbent structure since the above artificial urine (2) began to be poured, was measured and. 
regarded as the first-time absorption rate (second). Thereafter, the absorbent structure which had been used for the 
25 above measurement was used to repeat the same measurement two times at intervals of 50 minutes, thus measuring 
the second-time absorption rate (second) and the third-time absorption rate (second). 

[01 24] The faster these absorption rates are (in other words, the shorter the above period of time by the second is), 
the higher the liquid diffusibility of the absorbent structure can be evaluated. 

30 (Evaluation of performance of absorbent article: (Kewpie (trademark) doll test)): 

[0125] Sixty-five weight parts of water-absorbent resin powder and 35 weight parts of wood pulp were mixed 
together in a dry manner with a mixer. The resultant mixture was shaped into a web of the size of 120 mm x 400 mm 
by pneumatically molding the mixture on a wire screen of 400 mesh (mesh opening size: 38 ^m) with a batch type pneu- 

35 matic molding device. Then, this web was pressed under a pressure of 2 kg/cm 2 for 5 seconds, thus obtaining an 
absorbent structure having a basis weight of about 0.047 g/cm 2 (water-absorbent resin powder content: 65 weight %). 
[0126] Next, a back sheet (liquid-impermeable sheet) of a liquid-impermeable polypropylene with a so-called leg 
gather, the above absorbent structure, and a top sheet (liquid-permeable sheet) of a liquid-permeable polypropylene 
were attached to each other in this order with double coated tapes, and two so-called tape fasteners were then provided 

40 to the resultant attached product, thus obtaining an absorbent article (diaper). 

[0127] This absorbent article was fitted up to a so-called Kewpie (trademark) doll (body length: 55 cm, weight: 5 kg), 
and this doll was laid on its face. Thereafter, a tube was inserted between the absorbent article and the doll to inject 50 
g of 0.9 weight % physiological saline every 20 minutes into a position corresponding to where urine was discharged 
from a human body. Then, this injection operation was ended when the injected physiological saline began leaking with- 

45 out being absorbed by the absorbent article, and the total amount (g) of the physiological saline, which had been 
injected until then, was measured. 

[0128] The above measurement was repeated four times, and the average of the resultant four measured values 
was determined and regarded as the absorption quantity (g). The larger absorption quantity was evaluated as the better 
performance of the absorbent article. 



(Extractabfe content): 

[0129] An amount of 0.5 g of water-absorbent resin powder was dispersed into 1,000 ml of deionized (ion- 
exchanged) water, and the resultant mixture was stirred for 16 hours. The resultant swollen gel was filtered with filter 
55 paper, and then the extractable content (weight % relative to the water-absorbent resin powder) of the water-absorbent 
resin powder was determined by colloidal titration of water-soluble polymers in the resultant filtrate, that is, extractable 
components which had eluted from the water-absorbent resin powder. 



5 



50 



16 



EP 1 029 886 A2 

-REFERENTIAL EXAMPLE 1- 



[0130] In a reaction vessel as prepared by capping a jacketed stainless double-arm type kneader of 10 liters in 
capacity having two sigmoidai vanes, 2.4 g of ammonium persulfate and 0. 1 2 g of L-ascorbic acid were added to a reac- 

5 tion solution under stirred conditions, wherein the reaction solution was prepared by dissolving 2.50 g of polyethylene 
glycol diacrylate into 5,500 g of an aqueous solution of sodium acrylate having a neutralization ratio of 75 mot % (mon- 
omer concentration: 33 weight %). As a result, about 1 minute after, a polymerization reaction started. Then, while the 
resultant gel is crushed, the polymerization reaction was carried out in the range of 30-80 °C. and the resultant hydro- 
gelled crosslinked polymer (1) was got out 60 minutes after the initiation of the polymerization reaction. 

10 [0131] The resultant hydrogelled crosslinked polymer (1) had a finely divided diameter of about 5 mm. This finely 
divided hydrogelled crosslinked polymer (1) was spread onto a wire gauze of 50 mesh (mesh opening size: 300 um) 
and then dried at 150 °C with hot air for 90 minutes to obtain a water-absorbent resin (A) which was a crosslinked pol- 
ymer. 

15 -REFERENTIAL EXAMPLE 2- 

[0132] In a reaction vessel as prepared by fitting a stainless vat with a thermometer and a cap, 3.24 g of 5 weight 
% aqueous sodium persulfate solution, 2.92 g of 0.5 weight % aqueous L-ascorbic add solution, 3.24 g of 5 weight % 
aqueous 2,2'-azobis(2-amidinopropane) dihydrochloride (trade name: V-50, made by Wako Pure Chemical Industries, 

20 Ltd.) solution, and 3.34 g of 0.35 weight % aqueous hydrogen peroxide solution were added to a reaction solution under 
stirred conditions, wherein the reaction solution was prepared by dissolving 1 .97 g of polyethylene glycol diacrylate into 
2,000 g of an aqueous solution of sodium acrylate having a neutralization ratio of 65 mol % (monomer concentration: 
35 weight %), and the reaction solution was degassed with nitrogen. As a result, about 1 minute after, a polymerization 
reaction started. Then, the polymerization reaction was carried out while the lower face of the reaction vessel was 

25 cooled to 10 °C, with the result that the reaction system reached the peak temperature (82 °C) of the heat generation 
in 10 minutes after the initiation of the polymerization reaction. Then, after heating the lower face of the reaction vessel 
at 60 °C for 20 minutes, the resultant hydrogelled crosslinked polymer (2) was got out 

[0133] The resultant hydrogelled crosslinked polymer (2) was crushed with a meat chopper (two blades, die diam- 
eter = 9.5 mm, made by Hiraga Seisakusho Co.. Ltd.) such that the gel would have a diameter of not greater than about 
30 5 mm. This crushed hydrogelled crosslinked polymer (2) was spread onto a wire gauze of 50 mesh (mesh opening size: 
300 um) and then dried at 170 °C with hot air for 40 minutes to obtain a water-absorbent resin (B) which was a 
crosslinked polymer. 

-REFERENTIAL EXAMPLE 3- 

35 

[0134] In a reaction vessel as prepared by fitting a stainless vat with a thermometer and a cap, 5.33 g of 20 weight 
% aqueous sodium persulfate solution and 3.20 g of 0.5 weight % aqueous L-ascorbic acid solution were added to a 
reaction solution under stirred conditions, wherein the reaction solution was prepared by dissolving 4.33 g of polyethyl- 
ene glycol diacrylate into 2,000 g of an aqueous solution of sodium acrylate having a neutralization ratio of 70 mol % 

40 (monomer concentration: 39 weight %), and the reaction solution was degassed with nitrogen. As a result, about 4 min- 
utes after, a polymerization reaction started. Then, the polymerization reaction was carried out while the lower face of 
the reaction vessel was cooled to 15 °C. with the result that the reaction system reached the peak temperature (93 °C) 
of the heat generation in 16 minutes after the initiation of the polymerization reaction. Then, after heating the lower face 
of the reaction vessel at 80 °C for 20 minutes, the resultant hydrogelled crosslinked polymer (3) was got out. 

45 [0135] The resultant hydrogelled crosslinked polymer (3) was crushed with a meat chopper (two blades, die diam- 
eter a 16 mm, made by Hiraga Seisakusho Co.. Ltd.) such that the gel would have a diameter of not greater than about 
5 mm. This crushed hydrogelled crosslinked polymer (3) was spread onto a wire gauze of 50 mesh (mesh opening size: 
300 jim) and then dried at 170 °C with hot air for 40 minutes to obtain a water-absorbent resin (C) which was a 
crosslinked polymer. 

50 

-EXAMPLE 1- 

[0136] The water-absorbent resin (A), which was a crosslinked polymer as obtained in Referential Example 1 , was 
pulverized with a hammer mill (rooster (grate): diameter of opening = 3 mm), and 1 50 g of the pulverized water-absorb- 
55 ent resin was placed into a homogenizer (high-speed homogenizer, Model: MX-7. made by Nihonseiki Kaisha Ltd.) and 
then ground at 6,000 rpm for about 1 hour. The resultant water-absorbent resin was sieved with JIS standard sieves 
(mesh opening sizes = 850 um and 212 um) to classify the resin into particle diameters of 850-212 jim. The water 
absorption capacity under no load, the extractable content, the bulk density, and the average particle diameter of the 
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resultant arbitrarily pulverized water-absorbent resin powder (1) were measured, and results thereof are shown in Table 
1. In addition, an electron micrograph showing the particle structure of the resultant arbitrarily pulverized water-absorb- 
ent resin powder (1) is Fig. 8. 

5 -EXAMPLE 2- 

[0137] The water-absorbent resin (A), which was a crosslinked polymer as obtained in Referential Example 1 , was 
pulverized with a roil granulator (Model: GRN 1041 , made by Nippon Granulator Co., Ltd.), and 150 g of the pulverized 
water-absorbent resin was placed into a homogenizer (high-speed homogenizer, Model: MX-7, made by Nihonseiki 
w Kaisha Ltd.) and then ground at 6,000 rpm for 25 minutes. The resultant water-absorbent resin was sieved with J IS 
standard sieves (mesh opening sizes = 850 um and 212 um) to classify the resin into particle diameters of 850-212 
um. The water absorption capacity under no load, the extractable content, the bulk density, and the average particle 
diameter of the resultant arbitrarily pulverized water-absorbent resin powder (2) were measured, and results thereof are 
shown in Table 1 . 

15 

-EXAMPLE 3- 

[0138] The water-absorbent resin (B), which was a crosslinked polymer as obtained in Referential Example 2, was 
disintegrated by hand, and 150 g of the pulverized water-absorbent resin was placed into a homogenizer (high-speed 
20 homogenizer, Model: MX-7, made by Nihonseiki Kaisha Ltd.) and then ground at 6,000 rpm for about 1 hour. The result- 
ant water-absorbent resin was sieved with J IS standard sieves (mesh opening sizes = 850 um and 212 um) to classify 
the resin into particle diameters of 850-21 2 um. The water absorption capacity under no load, the extractable content, 
the bulk density, and the average particle diameter of the resultant arbitrarily pulverized water-absorbent resin powder 
(3) were measured, and results thereof are shown in Table 1 . 

25 

-EXAMPLE 4- 

[0139] The water-absorbent resin (B), which was a crosslinked polymer as obtained in Referential Example 2, was 
disintegrated by hand, and 1 50 g of the pulverized water-absorbent resin was placed into a homogenizer (high-speed 
30 homogenizer, Model: MX-7, made by Nihonseiki Kaisha Ltd.) and then ground at 6,000 rpm for about 15 minutes. The 
resultant water-absorbent resin was sieved with J IS standard sieves (mesh opening sizes = 850 um and 212 um) to 
classify the resin into particle diameters of 850-212 um. The water absorption capacity under no load, the extractable 
content, the bulk density, and the average particle diameter of the resultant arbitrarily pulverized water-absorbent resin 
powder (4) were measured, and results thereof are shown in Table 1. 

35 

-EXAMPLE 5- 

[0140] The water-absorbent resin (C), which was a crosslinked polymer as obtained in Referential Example 3, was 
pulverized with a hammer mill {rooster (grate): diameter of opening = 3 mm), and 1 80 g of the pulverized water-absorb- 

40 ent resin was placed into a homogenizer (high-speed homogenizer, Model: MX-7, made by Nihonseiki Kaisha Ltd.) and 
then ground at 6,000 rpm for about 1 .5 hours. The resultant water-absorbent resin was sieved with J IS standard sieves 
(mesh opening sizes = 850 um and 212 um) to classify the resin into particle diameters of 850-212 um. The water 
absorption capacity under no load, the extractable content, the bulk density, and the average particle diameter of the 
resultant arbitrarily pulverized water-absorbent resin powder (5) were measured, and results thereof are shown in Table 

45 1. In addition, the specific surface area of the resultant arbitrarily pulverized water-absorbent resin powder (5) was 
measured, with the result that it was 0.01 1 m 2 /g. 

-COMPARATIVE EXAMPLE 1- 

50 [0141] The water-absorbent resin (A), which was a crosslinked polymer as obtained in Referential Example 1 , was 
pulverized with a hammer mill {rooster (grate): diameter of opening «= 3 mm), and the resultant water-absorbent resin 
was sieved with JIS standard sieves (mesh opening sizes = 850 um and 21 2 um) to classify the resin into particle diam- 
eters of 850-212 um. The water absorption capacity under no load, the extractable content, the bulk density, and the 
average particle diameter of the resultant comparative arbitrarily pulverized water-absorbent resin powder (1) were 

55 measured, and results thereof are shown in Table 1. In addition, an electron micrograph showing the particle structure 
of the resultant comparative arbitrarily pulverized water-absorbent resin powder (1) is Fig. 9. 
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-COMPARATIVE EXAMPLE 2- 

[0142] The water-absorbent resin (B), which was a crosslinked polymer as obtained in Referential Example 2, was 
pulverized with a hammer mill (rooster (grate): diameter of opening = 3 mm), and the resultant water-absorbent resin 
5 was sieved with JIS standard sieves (mesh opening sizes = 850 urn and 212 jim) to classify the resin into particle diam- 
eters of 850-212 nm. The water absorption capacity under no load, the extractable content, the bulk density, and the 
average particle diameter of the resultant comparative arbitrarily pulverized water-absorbent resin powder (2) were 
measured, and results thereof are shown in Table 1 . 

w -COMPARATIVE EXAMPLE 3- 

[0143] The water-absorbent resin (C), which was a crosslinked polymer as obtained in Referential Example 3, was 
pulverized with a hammer mill (rooster (grate): diameter of opening = 3 mm), and the resultant water-absorbent resin 
was sieved with JIS standard sieves (mesh opening sizes = 850 and 212 jim) to classify the resin into particle diam- 
15 eters of 850-212 urn. The water absorption capacity under no load, the extractable content, the bulk density, and the 
average particle diameter of the resultant comparative arbitrarily pulverized water-absorbent resin powder (3) were 
measured, and results thereof are shown in Table 1. In addition, the specific surface area of the resultant comparative 
arbitrarily pulverized water-absorbent resin powder (3) was measured, with the result that it was 0.023 m 2 /g. 

20 

Table 1 



-Physical properties before surface crosslinking- 




Water-absorb- 
ent resin before 
pulverization or 
grinding 


Water absorption 
capacity under no 
load (g/g) 


Extractable con- 
tent (weight %) 


Bulk density 
(g/ml) 


Average particle 
diameter (urn) 


Example 1 


(A) 


45 


13 


0.83 


440 


Example 2 


(A) 


45 


14 


0.77 


460 ! 


Example 3 


(B) 


48 


8.3 


0.87 


430 


Example 4 


(B) 


50 


10 


0.73 


480 


Example 5 


(C) 


31 


9.1 


0.87 


440 


Comparative 
Example 1 


(A) 


46 


15 


0.66 


520 


Comparative 
Example 2 


(B) 


53 


11 


0.66 


550 


Comparative 
Example 3 


(C) 


31 


9.7 


0.64 


560 


Examples 1-5: involving the grinding step. 

Comparative Examples 1-3: not involving the grinding step. 



45 

[0144] Table 1 shows the comparison of the physical properties before surface crosslinking. The extractable con- 
tents in Example 1 (bulk density = 0.83 (g/ml) and Example 2 (bulk density = 0.77 (g/ml) (both of which involve the step 
of grinding the water-absorbent resin (A)) have reduced to lower than that in Comparative Example 1 (bulk density = 
0.66 (g/ml) (which involves no grinding). Incidentally, the above water absorption capacities under no load in these 
so examples and comparative example are values as given by the immersion for 1 hour, but the saturated values thereof 
were equal to each other, namely, 46 (g/g). 

[0145] In addition, similarly, the extractable contents in Example 3 (bulk density = 0.87 (g/ml) and Example 4 (bulk 
density = 0.73 (g/ml) (both of which involve the step of grinding the water-absorbent resin (B)) have reduced to lower 
than that in Comparative Example 2 (bulk density = 0.66 (g/ml) (which involves no grinding). Incidentally, the above 
55 water absorption capacities under no load in these examples and comparative example are values as given by the 
immersion for 1 hour, but the saturated values thereof were equal to each other, namely, 53 (g/g). 
[0146] In addition, the specific surface area in Example 5 (bulk density = 0.87 (g/ml) (which involves the step of 
grinding the water-absorbent resin (C)) has reduced to about half that in Comparative Example 3 (bulk density = 0.64 
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(g/ml) (which involves no grinding) (0.023 (rr^/g) in Comparative Example 3 reduced to 0.01 1 (m 2 /g) in Example 5), and 
further, the extractable content in Example 5 also has reduced to lower than that in Comparative Example 3. 

-EXAMPLE 6- 

5 

[0147] A surface-crosslinking agent, comprising 0.03 weight parts of ethylene glycol diglycidyl ether, 1 weight part 
of propylene glycol, 3 weight parts of water, and 1 weight part of 2-propanol, was mixed with 100 weight parts of the 
arbitrarily pulverized water-absorbent resin powder (1) as obtained in Example 1. The resultant mixture was subjected 
to a heat treatment at 185 °C for 30 minutes to obtain an arbitrarily pulverized water-absorbent resin powder (6). The 
w water absorption capacity under no load, the water absorption capacity under a load, the liquid permeation amount 
under a load, the solid content, and the bulk density of the resultant arbitrarily pulverized water-absorbent resin powder 

(6) were measured, and results thereof are shown in Table 2. 

-EXAMPLE 7- 

15 

[0148] A surface-crosslinking agent, comprising 0.03 weight parts of ethylene glycol diglycidyl ether, 1 weight part 
of propylene glycol, 3 weight parts of water, and 1 weight part of 2-propanol, was mixed with 100 weight parts of the 
arbitrarily pulverized water-absorbent resin powder (2) as obtained in Example 2. The resultant mixture was subjected 
to a heat treatment at 185 °C for 30 minutes to obtain an arbitrarily pulverized water-absorbent resin powder (7). The 
20 water absorption capacity under no load, the water absorption capacity under a load, the liquid permeation amount 
under a load, the solid content, and the bulk density of the resultant arbitrarily pulverized water-absorbent resin powder 

(7) were measured, and results thereof are shown in Table 2. 

-EXAMPLE 8- 

25 

[0149] A surface-crosslinking agent, comprising 0.03 weight parts of ethylene glycol diglycidyl ether, 1 weight part 
of propylene glycol, 3 weight parts of water, and 1 weight part of 2-propanol, was mixed with 100 weight parts of the 
arbitrarily pulverized water-absorbent resin powder (3) as obtained in Example 3. The resultant mixture was subjected 
to a heat treatment at 185 °C for 30 minutes to obtain an arbitrarily pulverized water-absorbent resin powder (8). The 
30 water absorption capacity under no load, the water absorption capacity under a load, the liquid permeation amount 
under a load, the solid content, and the bulk density of the resultant arbitrarily pulverized water-absorbent resin powder 

(8) were measured, and results thereof are shown in Table 2. 

-EXAMPLE 9- 

35 

[0150] A surface-crosslinking agent, comprising 0.03 weight parts of ethylene glycol diglycidyl ether, 1 weight part 
of propylene glycol, 3 weight parts of water, and 1 weight part of 2-propanol, was mixed with 100 weight parts of the 
arbitrarily pulverized water-absorbent resin powder (4) as obtained in Example 4. The resultant mixture was subjected 
to a heat treatment at 185 °C for 30 minutes to obtain an arbitrarily pulverized water-absorbent resin powder (9). The 
40 water absorption capacity under no load, the water absorption capacity under a load, the liquid permeation amount 
under a load, the solid content, and the bulk density of the resultant arbitrarily pulverized water-absorbent resin powder 

(9) were measured, and results thereof are shown in Table 2. 

-EXAMPLE 10- 

45 

[0151] A surface-crosslinking agent, comprising 1 weight part of 1,4-butanediol, 3 weight parts of water, and 1 
weight part of 2-propanol, was mixed with 100 weight parts of the arbitrarily pulverized water-absorbent resin powder 
(5) as obtained in Example 5. The resultant mixture was subjected to a heat treatment at 1 95 °C for 25 minutes to obtain 
an arbitrarily pulverized water-absorbent resin powder (10). The water absorption capacity under no load, the water 
so absorption capacity under a load, the liquid permeation amount under a load, the solid content, and the bulk density of 
the resultant arbitrarily pulverized water-absorbent resin powder (1 0) were measured, and results thereof are shown in 
Table 2. 

-COMPARATIVE EXAMPLE 4- 

55 

[0152] A surface-crosslinking agent, comprising 0.03 weight parts of ethylene glycol diglycidyl ether, 1 weight part 
of propylene glycol, 3 weight parts of water, and 1 weight part of 2-propanol, was mixed with 100 weight parts of the 
comparative arbitrarily pulverized water-absorbent resin powder (1) as obtained in Comparative Example 1 . The result- 
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ant mixture was subjected to a heat treatment at 185 °C for 30 minutes to obtain a comparative arbitrarily pulverized 
water-absorbent resin powder (4). The water absorption capacity under no load, the water absorption capacity under a 
load, the liquid permeation amount under a load, the solid content and the bulk density of the resultant comparative 
arbitrarily pulverized water-absorbent resin powder (4) were measured, and results thereof are shown in Table 2. 

5 

-COMPARATIVE EXAMPLE 5- 

[0153] A surface-crosslinking agent comprising 0.03 weight parts of ethylene glycol diglycidyl ether, 1 weight part 
of propylene glycol, 3 weight parts of water, and 1 weight part of 2-propanol, was mixed with 100 weight parts of the 
w comparative arbitrarily pulverized water-absorbent resin powder (2) as obtained in Comparative Example 2. The result- 
ant mixture was subjected to a heat treatment at 185 °C for 30 minutes to obtain a comparative arbitrarily pulverized 
water-absorbent resin powder (5). The water absorption capacity under no load, the water absorption capacity under a 
load, the liquid permeation amount under a load, the solid content, and the bulk density of the resultant comparative 
arbitrarily pulverized water-absorbent resin powder (5) were measured, and results thereof are shown in Table 2. 

75 

-COMPARATIVE EXAMPLE 6- 

[0154] A surface-crosslinking agent, comprising 1 weight part of 1 ,4-butanediol, 3 weight parts of water, and 1 
weight part of 2-propanol, was mixed with 100 weight parts of the comparative arbitrarily pulverized water-absorbent 
20 resin powder (3) as obtained in Comparative Example 3. The resultant mixture was subjected to a heat treatment at 1 95 
°C for 25 minutes to obtain a comparative arbitrarily pulverized water-absorbent resin powder (6). The water absorption 
capacity under no load, the water absorption capacity under a load, the liquid permeation amount under a load, the 
solid content and the bulk density of the resultant comparative arbitrarily pulverized water-absorbent resin powder (6) 
were measured, and results thereof are shown in Table 2. 

25 



Table 2 



-Physical properties after surface crosslinking- 




Water- 
absorbent 
resin before 
pulverization 
or grinding 


Water absorp- 
tion capacity 
under no load 

(g/g) 


Water absorp- 
tion capacity 
under load 

(g/g) 


Liquid perme- 
ation amount 
under load (g) 


Solid content 
(weight %) 


Bulk density 
(g/ml) 


Example 6 


(A) 


39 


24 


375 


98 


0.83 


Example 7 


(A) 


39 


24 


362 


98 


0.77 


Example 8 


(B) 


47 


27 


519 


98 


0.86 


Example 9 


(B) 


47 


30 


353 


98 


0.75 ! 


Example 10 


(C) 


27 


26 


1081 


98 


0.85 


Comparative 
Example 4 


(A) 


42 


25 


175 


98 


0.68 


Comparative 
Example 5 


(B) 


46 


29 


260 


98 


0.67 


Comparative 
Example 6 


(C) 


27 


26 


1009 


98 


0.64 


Examples 6-10: involving the grinding step. 

Comparative Examples 4-6: not involving the grinding step. 



[0155] Table 2 shows the comparison of the physical properties after surface crossl inking. The liquid permeation 
amounts under load in Example 6 (bulk density = 0.83 (g/ml) and Example 7 (bulk density = 0.77 (g/ml) (both of which 
55 involve the step of grinding the water-absorbent resin (A)) have increased to more than two times that in Comparative 
Example 4 (bulk density = 0.68 (g/ml) (which involves no grinding). In addition, the liquid permeation amounts under 
load in Example 8 (bulk density = 0.86 (g/ml) and Example 9 (bulk density = 0.75 (g/ml) (both of which involve the step 
of grinding the water-absorbent resin (B)) have increased to about two times that in Comparative Example 5 (bulk den- 
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sity = 0.67 (g/ml) (which involves no grinding). Furthermore, the liquid permeation amount under Load in Example 10 
(bulk density = 0.85 (g/ml) (which involves the step of grinding the water-absorbent resin (C)) has increased by 72 (g) 
as compared with that in Comparative Example 6 (bulk density = 0.64 (g/ml) (which involves no grinding). 

5 -COMPARATIVE EXAMPLE 7- 

[0156] A surface-crosslinking agent, comprising 0.015 weight parts of ethylene glycol digtycidyl ether, 0.5 weight 
parts of propylene glycol, 1.5 weight parts of water, and 0.45 weight parts of 2-propanol. was mixed with 100 weight 
parts of the comparative arbitrarily pulverized water-absorbent resin powder (1) as obtained in Comparative Example 
w 1 . The resultant mixture was subjected to a heat treatment at 180 °C for 15 minutes to obtain a comparative arbitrarily 
pulverized water-absorbent resin powder (7). The water absorption capacity under no load, the water absorption capac- 
ity under a load, the liquid permeation amount under a load, the solid content, and the bulk density of the resultant com- 
parative arbitrarily pulverized water-absorbent resin powder (7) were measured. Particularly, the water absorption 
capacity under a load was measured with two kinds of loads (0.3 psi and 0.7 psi). Results thereof are shown in Table 3. 

15 



Table 3 
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Water- 
absorbent 

resin 
before pul- 
verization 
or grinding 


Water 
absorption 
capacity 
under no 
load (g/g) 


Water absorption capacity 
under load (g/g) 


Liquid per- 
meation 
amount 

under load 

(g) 


Solid con- 
tent (weight 
%) 


Bulk density 
(g/ml) 


25 








0.3 psi 


0.7 psi 










Compara- 
tive Example 
7 


(A) 


43 


33 


12 


40 


98 


0.67 



30 

[0157] As to the comparative arbitrarily pulverized water-absorbent resin powder (7) of Comparative Example 7 
(bulk density = 0.67 (g/ml), the water absorption capacity was 33 (g/g) under a load of 0.3 psi (2.07 kPa), but reduced 
to 12 (g/g) under a load of 0.7 psi (4.83 kPa). Therefrom it was found that the liquid permeability under a load greatly 
deteriorated in Comparative Example 7 when compared with Example 6 (Example 6 = 375 (g), Comparative Example 
35 7=40 (g)). 

-EXAMPLES 11-15 AND COMPARATIVE EXAMPLES 8-10- 

[0158] The mechanical damage test was carried out for each of the water-absorbent resin powders as obtained in 
40 Examples 6-1 0 and Comparative Examples 4-6. Results thereof are shown in Table 4. 



Table 4 



-Physical properties after mechanical damage test- 




Water-absorbent 
resin before pulveri- 
zation or grinding 


Water absorption 
capacity under no 
load (g/g) 


Water absorption 
capacity under load 

(g/g) 


Liquid permeation 
amount under load (g) 


Example 1 1 


(A) 


40 (39) 


24 (24) 


382 (375) 


Example 12 


(A) 


39 (39) 


24 (24) 


358 (362) 


Example 13 


(B) 


48 (47) 


28 (27) 


519(519) 


Example 14 


(B) 


46 (47) 


29 (30) 


317(353) 


Example 15 


(C) 


27 (27) 


26 (26) 


1081 (1081) 


Comparative Exam- 
ple 8 


(A) 


41(42) 


19(25) 


158(175) 
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Table 4 (continued) 



-Physical properties after mechanical damage test- 




Water-absorbent 
resin before pulveri- 
zation or grinding 


Water absorption 
capacity under no 
load (g/g) 


Water absorption 
capacity under load 

(g/g) 


Liquid permeation 
amount under load (g) 


Comparative Exam- 
pie 9 


(B) 


47 (46) 


26 (29) 


224 (260) 


Comparative Exam- 
ple 10 


(C) 


27 (27) 


25 (26) 


865 (1009) 


The values in the parentheses are those before mechanical damage test (see Table 2). 

Examples 11-15: involving the grinding step. 

Comparative Examples 8-10: not involving the grinding step. 
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25 



[0159] Table 4 shows the results of the mechanical damage test as earned out after the surface crosslinking. From 
the comparison with Table 2 showing the results as obtained before applying the impact, it would be understood that 
the arbitrarily pulverized water-absorbent resin powders (6)~(1 0) according to the present invention, which have a bulk 
density of not lower than 0.74 (g/ml), undergo little or no deterioration of the physical properties even if they are given 
the mechanical damage. In comparison therewith, the comparative arbitrarily pulverized water-absorbent resin powders 
(4)~(6), which have a bulk density of lower than 0.74 (g/ml), undergo great reduction of the water absorption capacity 
under a load or the liquid permeation amount under a load due to the mechanical damage. Thus, the arbitrarily pulver- 
ized water-absorbent resin powder according to the present invention is excellent in that it undergoes little deterioration 
of the physical properties during the production process therefor, or during the transportation thereafter, or during the 
production of absorbent articles. 



-EXAMPLE 16 AND COMPARATIVE EXAMPLE 11- 

30 [0160] The measurement of the absorption rate (core acquisition) of the absorbent structure and the evaluation of 
the performance of the absorbent article (Kewpie (trademark) doll test) were carried out for each of the water-absorbent 
resin powders as obtained in Example 6 and Comparative Example 4. The methods for these measurement and eval- 
uation are as aforementioned. Results thereof are shown in Table 5. 
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Table 5 



-Evaluation of performance of absorbent structures and articles- 




Absorbent structure 


Absorbent article 




Absorption rate (second) 


Absorption quantity (g) 




First time 


Second time 


Third time 




Example 16 


44 


52 


82 


300 


Comparative Example 1 1 


46 


111 


169 


250 



50 



55 



[0161] Table 5 shows the results of evaluation of performance of absorbent structures and absorbent articles (dia- 
pers). As is evident therefrom, as to the absorbent structure using the arbitrarily pulverized water-absorbent resin pow- 
der (6) of Example 6 when compared with that using the comparative arbitrarily pulverized water-absorbent resin 
powder (4) of Comparative Example 4, the periods of time by the second as needed particularly for the second- and 
third-time liquid absorptions are both shortened to less than half, therefore the absorption rate of the absorbent struc- 
ture is greatly enhanced. In addition, as to the absorbent article (diaper) using the arbitrarily pulverized water-absorbent 
resin powder (6) of Example 6 when compared with that using the comparative arbitrarily pulverized water-absorbent 
resin powder (4) of Comparative Example 4, the total absorption quantity (g) of the absorbent article is also improved. 

-EXAMPLE 17- 



[0162] The color was evaluated for the arbitrarily pulverized water-absorbent resin powders (6)~(10) of Examples 
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6-10. As a result, any water-absorbent resin powder exhibited an L value of not lower than 85 (namely, L value = about 
88), an a value in the range of ±2 (namely, a value = about -0.6), and a b value in the range of 0-9 (namely, b value = 
about 6). 

[0163] Various details of the invention may be changed without departing from its spirit not its scope. Furthermore, 
5 the foregoing description of the preferred embodiments according to the present invention is provided for the purpose 
of illustration only, and not for the purpose of limiting the invention as defined by the appended claims and their equiv- 
alents. 

Claims 

10 

I . An arbitrarily pulverized water-absorbent resin powder, which has a bulk density of not lower than 0.74 (g/ml) and 
a water absorption capacity of not lower than 20 (g/g) for 0.9 weight % physiological saline under a load of 0.7 psi 
(4.83 kPa). 

is 2. An arbitrarily pulverized water-absorbent resin powder according to claim 1 , wherein the bulk density is not lower 
than 0.76 (g/ml). 

3. An arbitrarily pulverized water-absorbent resin powder according to claim 1 , of which the neighborhood of the sur- 
face is cross linked. 

20 

4. An arbitrarily pulverized water-absorbent resin powder according to claim 3, of which the neighborhood of the sur- 
face is crosslinked with a surface-crosslinking agent that includes a polyhydric alcohol. 

5. An absorbent structure, which comprises the arbitrarily pulverized water-absorbent resin powder as recited in claim 
25 1 and a fibrous material. 

6. An absorbent article, which comprises an absorbent layer including the absorbent structure as recited in claim 5. 

7. An absorbent article, which is a diaper that comprises an absorbent layer including the absorbent structure as 
30 recited in claim 5, wherein the absorbent structure has an arbitrarily pulverized water-absorbent resin powder con- 
tent of not lower than 30 weight %. 

8. A production process for an arbitrarily pulverized water-absorbent resin powder, which comprises the step of 
obtaining water-absorbent crosslinked polymer particles by way of an aqueous solution polymerization step, with 

35 the process being characterized by further comprising the step of grinding the resultant crosslinked polymer parti- 
cles until the bulk density thereof increases to not lower than 0.72 (g/ml). 

9. A production process according to claim 8, wherein the step of obtaining the crosslinked polymer particles includes 
a pulverization step, wherein the pulverization step is carried out simultaneously with the grinding step. 

40 

10. A production process according to daim 8, wherein the grinding step is carried out under conditions where the spe- 
cific surface area of the crosslinked polymer particles can be reduced. 

II. A production process according to claim 8, which further comprises the step of removing fine powders which are 
45 generated in the grinding step. 

12. A production process according to claim 8, which further comprises the step of crosslinking the neighborhood of 
the surface of the water-absorbent resin powder after the grinding step. 

so 13. A production process according to claim 12, wherein the step of crosslinking the neighborhood of the surface of the 
water-absorbent resin powder involves the use of a surface-crosslinking agent that includes a polyhydric alcohol. 

14. A production process according to claim 12, wherein the step of crosslinking the neighborhood of the surface of the 
water-absorbent resin powder is carried out until the water absorption capacity of the water-absorbent resin powder 
55 for 0.9 weight % physiological saline under a load of 0.7 psi (4.83 kPa) increases to not lower than 20 (g/g). 
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Fig. 5 
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Fig. 7 
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